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(57)Abstract: 

PROBLEM TO BE SOLVED: To increase an emitting 
electric current of an electron source in a short time, 
and uniformize characteristics by impressing voltage in 
order on plural electron emitting elements of the 
electron source with every selected group, and 
activating the electron emitting elements. 
SOLUTION: Plural foamed electron emitting elements 
having M rows x N columns are arranged on a substrate 
4, and matrix wiring is performed, and an electron source 
is formed. This electron source base board 4 is arranged 
in a vacuum, and voltage is impressed on the respective 
elements, and they are activated by accumulating a 
carbonaceous coating film such as graphite in an 
electron emitting part from an organic substance. In this 
case, respective (x) wiring terminals Dx1... of the 
substrate 4 are connected to a line selecting part 2, and 
activating voltage is impressed from an activating power 
source 1, and the power source 1 and the line selecting 
part 2 are also controlled by a control part 3. Its control 

is performed in such a way that lines are selected in order on the basis of a prescribed timing 
chart, and a prescribed voltage pulse is generated, and is impressed. When the electron source 
obtained by this is used, an image forming device whose brightness is improved and brightness 
distribution is reduced can be obtained. 




LEGAL STATUS 



/J~\ AH /„ _ 



._ /. ..a a a .noo^^ri a a r\r\ -t o j/?o/?n-i 



[Date of request for examination] 



25.11.1999 



[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 



[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



[Patent number] 
[Date of registration] 



3299096 
19.04.2002 



Copyright (C); 1998,2000 Japan Patent Office 



Translation of Japanese Patent Application No. 7-307291 



[Type of Document (s)] 
[Reference Number] 
[Filing Date] 
[Addressee] 

[International Patent 
[Title of Invention] 

[Number of Claim(s)] 

[Inventor(s) ] 

[ Address /Domicile ] 

[Name] 

[Inventor(s) ] 

[ Address /Domicile ] 

[Name] 

[ Invent or(s) ] 

[ Address /Domicile ] 

[Name] 

[Applicant for Patent] 

[Identification Number] 
[Name] 

[ Representative ] 

[Agent] 

[Identification Number] 
[Patent Attorney] 



Application for patent 
3155018 

November 27, 1995 

Director-General of the Patent 
Office, Esq. 

H01J 31/00 

METHOD FOR MANUFACTURING ELECTRON - 
BEAM SOURCE AND IMAGE -FORMING 
APPARATUS, AND ELECTRON -BEAM SOURCE 
ACTIVATION METHOD 

45 



c/o Canon Kabushiki Kaisha 
30-2, Shimomaruko 3-chome, 
Ohta-ku, Tokyo, Japan 

Noritake SUZUKI 



c/o Canon Kabushiki Kaisha 
30-2, Shimomaruko 3-chome, 
Ohta-ku, Tokyo, Japan 

Hidetoshi SUZUKI 



c/o Canon Kabushiki Kaisha 
30-2, Shimomaruko 3-chome, 
Ohta-ku, Tokyo, Japan 

Eiji YAMAGUCHI 
000001007 

Canon Kabushiki Kaisha 
Fujio MITARAI 

100076428 



[Name] 



Yasunori OHTSUKA 



[Telephone Number] 03-5276-3241 
[Agent] 

[Identification Number] 100093908 
[Patent Attorney] 

[Name] Kenichi MATSUMOTO 

[Telephone Number] 03-5276-3241 

[Claim Priority Based on Prior Application] 

[Application Number] 7-4025 

[Filing Date] January 13 , 1995 

[Claim Priority Based on Prior Application] 

[Application Number] 7-230022 

[Filing Date] September 7 , 1995 

[Detail of Fee(s)] 

[Register Number of 

Prepayment ] 003458 

[Amount of Payment] 21000 

[List of Attached Documents] 

[ Classification ] Specification 

[ Classification ] Drawing ( s ) 

[ Classification ] Abstract 

[Number of General Power of Attorney] 9004561 

[Proof Required? Y/N] Yes 



7-307291 
Page 1 



[Type of Document] Specification 
[Title of Invention] Method for Manufacturing 
Electron-Beam Source and Image-Forming Apparatus, and 
Electron-Beam Source Activation Method 
5 [What Is Claimed Is] 

[Claim 1] An electron-beam source 
manufacturing method for manufacturing an electron- 
beam source having a plurality of electron-emitting 
device, comprising an activation step of generating 
10 activation material at the plurality of electron- 
emitting devices, by dividing the plurality of 
electron-emitting devices into plural groups and 
sequentially applying voltage to each group, 

[Claim 2] The electron-beam source 
15 manufacturing method according to claim 1 , wherein 
the sequential application of voltage to each group 
is repeated plural times . 

[Claim 3] The electron-beam source 
manufacturing method according to claim 1, wherein 
20 the voltage applied to each group has a plurality of 
voltage pulses, and wherein during an interval of 
pulses applied to one group, pulse application is 
made to other groups. 

[Claim 4] The electron -beam source 
25 manufacturing method according to claim 1 , wherein in 
each group, the plurality of electron-emitting 
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devices are arranged with a common wire, and wherein 
the application of voltage is made from both ends of 
the common wire. 

[Claim 5] The electron-beam source 
5 manufacturing method according to claim 1, wherein in 
each group, the plurality of electron-emitting 
devices are arranged with a common wire, and wherein 
the application of voltage is made from one end of 
the common wire. 

10 [Claim 6] The electron-beam source 

manufacturing method according to claim 1, wherein 
the plurality of electron-emitting devices are wired 
in a matrix with a plurality of row- direction wires 
and a plurality of column-direction wires, and 

15 wherein the application of voltage to the plurality 
of electron-emitting devices is sequentially made by 
each row-direction wire. 

[Claim 7] The electron-beam source 
manufacturing method according to claim 6 , wherein 

20 the application of voltage sequentially made by each 
row-direction wire is repeated plural times. 

[Claim 8] The electron-beam source 
manufacturing method according to claim 6, wherein 
the voltage applied to each row-direction wire has a 

25 plurality of voltage pulses, and wherein during an 
interval of pulses applied to one wire, pulse 



7-307291 
Page 3 



application is made to other wires . 

[Claim 9] The electron-beam source 
manufacturing method according to claim 6, wherein 
the application of voltage is made from both ends of 
5 the row-direction wire. 

[Claim 10] The electron-beam source 
manufacturing method according to claim 6, wherein 
the application of voltage is made from one end of 
the row-direction wire. 
10 [Claim 11] The electron-beam source 

manufacturing method according to claim 1, wherein 
the plurality of electron-emitting devices are wired 
in a matrix with a plurality of row- direction wires 
and a plurality of column-direction wires, and 
15 wherein the application of voltage to the plurality 
of electron -emitting devices is sequentially made by 
each column -direct ion wire. 

[Claim 12] The electron-beam source 
manufacturing method according to claim 10, wherein 
20 the application of voltage sequentially made by each 
column -direction wire is repeated plural times. 

[Claim 13] The electron-beam source 
manufacturing method according to claim 10, wherein 
the voltage applied to each column-direction wire has 
25 a plurality of voltage pulses, and wherein during an 
interval of pulses applied to one wire, pulse 
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application is made to other wires. 

[Claim 14] The electron-beam source 
manufacturing method according to claim 10, the 
application of voltage is made from one end of the 
5 column -direction wire. 

[Claim 15] The electron-beam source 
manufacturing method according to claim 1, wherein 
said activation step includes a first activation step 
of generating activation material at the plurality of 
10 electron- emitting devices by dividing the electron- 
emitting devices into a plurality of first groups and 
sequentially applying voltage to each first group, 
and a second activation step of generating activation 
material at the plurality of electron-emitting 
15 devices by dividing the electron-emitting devices 
into a plurality of second groups and sequentially 
applying voltage to each second group. 

[Claim 16] The electron-beam source 
manufacturing method according to claim 15, wherein 
20 said activation step is performed while detecting 
emission current of the electron-emitting devices. 

[Claim 17] The electron-beam source 
manufacturing method according to claim 15, wherein 
said activation step is completed when saturation of 
25 the emission current of the electron-emitting devices 
is detected. 
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[Claim 18] The electron-beam source 
manufacturing method according to claim 15, wherein 
the number of electron-emitting devices of each of 
the first groups is greater than that of each of the 
5 second groups, and wherein the second activation step 
is performed after the first activation step. 

[Claim 19] The electron-beam source 
manufacturing method according to claim 15, wherein 
at the first and second activation steps, the 
10 application of voltage sequentially made by each 
group is repeated plural times. 

[Claim 20] The electron-beam source 
manufacturing method according to claim 15, wherein 
at the first and second activation steps, the voltage 
15 applied to each group has a plurality of voltage 
pulses, and wherein during an interval of pulses 
applied to one group, pulse application is made to 
other groups . 

[Claim 21] The electron -beam source 
20 manufacturing method according to claim 15, wherein 
in each of the first and second groups, the plurality 
of electron-emitting devices are arranged with a 
common wire, and wherein the application of voltage 
is made from both ends of the common wire. 
25 [Claim 22]- The electron-beam source 

manufacturing method according to claim 15, wherein 
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in each of the first and second groups, the plurality 
of electron-emitting devices are arranged with a 
common wire, and wherein the application of voltage 
is made from one end of the common wire. 
5 [Claim 23] The electron-beam source 

manufacturing method according to claim 15, wherein 
in each of the first and second groups, the plurality 
of electron-emitting devices are wired in a matrix 
with a plurality of row-direction wires and a 

10 plurality of column -direct ion wires, and wherein the 
application of voltage at the first activation step 
is sequentially made by each row-direction wire, and 
the application of voltage at the second activation 
step is sequentially made by each column-direction 

15 wire . 

[Claim 24] The electron-beam source 
manufacturing method according to claim 23, wherein 
said activation step is performed while detecting 
emission current of the electron-emitting devices. 
20 [Claim 25] The electron-beam source 

manufacturing method according to claim 23, wherein 
said activation step is completed when saturation of 
the emission current of the electron-emitting devices 
is detected. 

25 [Claim 26] The electron-beam source 

manufacturing method according to claim 23, wherein 
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the number of column-direction wires is greater than 
that of row-direction wires, and wherein the first 
activation step is performed before the second 
activation step. 
5 [Claim 27] The electron-beam source 

manufacturing method according to claim 23, wherein 
at the first and second activation steps, the 
application of voltage sequentially made by each row- 
direction wire or each column-direction wire is 

10 repeated plural times. 

[Claim 28] The electron-beam source 
manufacturing method according to claim 23, wherein 
at the first and second activation steps, the voltage 
applied to each row- direction wire or column - 

15 direction wire has a plurality of voltage pulses, and 
wherein during an interval of pulses applied to one 
wire, pulse application is made to other wires. 

[Claim 29] The electron-beam source 
manufacturing method according to claim 23, wherein 

20 at any of the first and second activation steps, the 
application of voltage is made from both ends of the 
row-direction wire or column-direction wire. 

[Claim 30] The electron-beam source 
manufacturing method according to claim 23, wherein 

25 at any of the first and second activation steps, the 
application of voltage is made from one end of the 
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row-direction wire or column-direction wire. 

[Claim 31] A method for manufacturing an 
image forming apparatus which comprises an electron - 
beam source having a plurality of electron-emitting 
5 devices and an image forming unit for forming an 
image by irradiation of electron beams from the 
electron-beam source, 

wherein said electron-beam source is 
manufactured in accordance with any of methods in 
10 claims 1 to 30. 

[Claim 32] The method according to claim 31, 
wherein said image forming unit includes a 
fluorescent member. 

[Claim 33] An electron-beam source 
15 activation method for activating an electron-beam 
source having a plurality of electron -emitting 
devices comprising an activation step of generating 
activation material at a plurality of electron - 
emitting devices, by dividing the plurality of 
20 electron-emitting devices into plural groups and 
sequentially applying voltage to each group. 

[Claim 34] The electron-beam source 
activation method according to claim 33, wherein the 
sequential application of voltage to each group is 
25 repeated plural times. 

[Claim 35] The electron-beam source 
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activation method according to claim. 33, wherein the 
voltage applied to each group has a plurality of 
voltage pulses, and wherein during an interval of 
pulses applied to one group, pulse application is 
5 made to other groups. 

[Claim 36] The electron-beam source 
activation method according to claim 33, wherein in 
each group, the plurality of electron-emitting 
devices are arranged with a common wire, and wherein 

10 the application of voltage is made from both ends of 
the common wire. 

[Claim 37] The electron-beam source 
activation method according to claim 33, wherein in 
each group, the plurality of electron -emitting 

15 devices are arranged with a common wire, and wherein 
the application of voltage is made from one end of 
the common wire. 

[Claim 38] The electron-beam source 
activation method according to claim 33, wherein said 

20 activation step includes a first voltage application 
step of dividing the plurality of electron-emitting 
devices into a plurality of first groups and 
sequentially applying voltage to each first group, 
and a second activation step of dividing the 

25 plurality of electron-emitting devices into a 

plurality of second groups and sequentially applying 
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voltage to each second group. 

[Claim 39] The electron -beam source 
activation method according to claim 38, wherein said 
activation step is performed while detecting emission 
5 current of the electron-emitting devices. 

[Claim 40] The electron-beam source 
activation method according to claim 38, wherein said 
activation step is completed when saturation of the 
emission current of the electron-emitting devices is 
10 detected. 

[Claim 41] The electron-beam source 
activation method according to claim 38, wherein the 
number of electron-emitting devices of each of the 
first groups is greater than that of each of the 
15 second groups, and wherein the second activation step 
is performed after the first activation step. 

[Claim 42] The electron-beam source 
activation method according to claim 38, wherein at 
the first and second activation steps, the 
20 application of voltage sequentially made by each 
group is repeated plural times. 

[Claim 43] The electron-beam source 
activation method according to claim 38, wherein at 
the first and second activation steps, the voltage 
25 applied to each group has a plurality of voltage 
pulses, and wherein during an interval of pulses 
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applied to one group, pulse application is made to 
other groups . 

[Claim 44] The electron-beam source 
activation method according to claim 38, wherein in 
5 each of the first and second groups, the plurality of 
electron-emitting devices are arranged with a common 
wire, and wherein the application of voltage is made 
from both ends of the common wire. 

[Claim 45] The electron-beam source 
10 activation method according to claim 38, wherein in 
each of the first and second groups, the plurality of 
electron-emitting devices are arranged with a common 
wire, and wherein the application of voltage is made 
from one end of the common wire. 
15 [Detailed Description of Invention] 
[0001] 

[Industrial Field of Utilization] 
This invention relates to a method of 
manufacturing an electron-beam source having a 
20 plurality of electron-emitting devices and image 

forming apparatus using the electron-beam source and, 
activation processing method for the electron-beam 
source. 

[0002] 

25 [Prior Art] 

Conventionally, two type of electron-beam 
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sources, namely thermionic cathodes and cold cathode 
electron-beam sources, are known as electron-emitting 
devices. Examples of cold cathode electron-beam 
sources are electron-emitting devices of field 
5 emission type (hereinafter abbreviated to "FE"), 
metal/insulator /metal type (hereinafter abbreviated 
to "MIM" ) and surface-conduction emission type. 
[0003] 

Known examples of the FE type electron -emitting 
10 devices are described by W.P. Dyke and W.W. Dolan, 

"Field Emission", Advance in Electron Physics, 8, 89 
(1956) and by C.A. Spindt, "Physical properties of 
thin-film field emission cathodes with molybdenum 
cones", J. Appl. Phys., 47,5248 (1976). 
15 [0004] 

A known example of the MIM type electron - 
emitting devices is described by C.A. Mead, 
"Operation of Tunnel-Emission Devices", J. Appl. 
Phys., 32,646 (1961). 
20 [0005] 

A known example of the surface-conduction 
emission (hereinafter abbreviated to "SCE") type 
electron-emitting devices is described by, e.g., M.I. 
Elinson, "Radio Eng. Electron Phys., 10, 1290 (1965) 
25 and other examples to be described later. 
[0006] 
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The SCE type electron- emitting device utilizes 
a phenomenon where an electron emission is produced 
in a small -area thin film, which has been formed on a 
substrate, by passing a current parallel to the film 
5 surface. As the SCE type electron-emitting device, 
electron- emitting devices using an Au thin film, an 
ln 2 0 3 / Sn0 2 thin film, a carbon thin film and the like 
are reported by G. Dittmer, "Thin solid Films", 9,317 
(1972), M. Hartwell and C.G. Fonstad, "IEEE Trans. ED 
10 Conf.", 519 (1975), Hisashi Araki et al., "Vacuum", 
vol. 26, No. 1, p. 22 (1983), in addition to an Sn0 2 
thin film according to Elinson mentioned above. 
[0007] 

Fig. 34 is a plan view of the SCE type electron - 
15 emitting device according to Hartwell and Fonstad 
described above, as a typical example of device 
construction of these SCE type electron-emitting 
devices. In Fig. 34, reference numeral 3001 denotes 
a substrate; 3004, a conductive thin film of a metal 
20 oxide formed by sputtering, having a H- shaped 

pattern. An electron emission portion 3005 is formed 
by electrification process referred to as "forming" 
to be described later. In Fig. 34, the interval L is 
set to 0.5-1 mm, and the width W is set to 0.1 mm. 
25 Note that the electron emission portion 3005 is shown 
at approximately the center of the conductive thin 
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film 3004, with a rectangular shape, for the 
convenience of illustration, however, this does not 
exactly show the position and shape of the actual 
electron emission portion 3005. 
5 [0008] 

In these conventional SCE type electron - 
emitting devices by M.Hartwell and the others, 
typically the electron emission portion 3005 is 
formed by performing electrification processing, 

10 generally referred to as "forming processing", on the 
conductive thin film 3004 before electron emission. 
That is, the forming process is electrification made 
by applying a constant direct current where voltage 
increases at a very slow rate of, e.g., IV/min., to 

15 both ends of the conductive film 3004, so as to 

partially destroy or deform the conductive film 3004, 
thus form the electron emission portion 3005 with 
electrically high resistance. Note that the 
destroyed or deformed parts of the conductive thin 

20 film 3004 have a fissure. Upon application of 

appropriate voltage to the conductive thin film after 
the forming processing, electron emission is made 
near the fissures. 
[0009] 

25 The above -described SCE type emitting devices 

are advantageous, since they have a simple structure 
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and they can be easily manufactured therefore many 
devices can be formed on a wide area. Then, as 
disclosed in Japanese Patent Application Laid-Open No. 
64-31332 by the present applicant, a method for 
5 arranging and driving a lot of devices has been 
studied. 

[0010] 

Regarding application of SCE type electron - 
emitting devices, e.g., image forming apparatuses 
10 such as an image display apparatus and an image 

recording apparatus, and electron-beam sources have 
been studied. 

[0011] 

Especially, as application to image display 
15 apparatuses, as shown in the U.S. Patent No. 5, 066, 
833 or Japanese Patent Application Laid-Open No. 2- 
257551 by the present applicant, an image display 
apparatus using the combination of a SCE type 
electron-emitting device and a fluorescent material 
20 which emits light upon reception of electronic beam 
has been studied. This type of image display 
apparatus is expected to have more excellent 
characteristic than other conventional image display 
apparatuses. For example, in comparison with 
25 recently focused liquid crystal display apparatuses, 
the above display apparatus is superior in. that it 
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does not require a backlight since it is a self 
light -emitting type and that it has a wide view angle. 
[0012] 

[Problem(s) That Invention Is to Solve] 
5 The present inventors have examined various SCE 

type electron-emitting devices having various 
structures, of various materials, according to 
various manufacturing methods. Further, the 
inventors have studied an electron-beam source where 
10 a large number of SCE type electron-emitting devices 
are arranged, and an image display apparatus 
utilizing the electron-beam source. 
[0013] 

The inventors have also examined an electron - 
15 beam source by an electrical wiring method as shown 
in Fig. 31. That is, the electron-beam source is 
constructed by arranging SCE type electron-emitting 
devices two-dimensionally , into a matrix. 

In Fig. 31, numeral 4001 denotes SCE type 
20 electron-emitting devices; 4002, row-direction 

wiring; and 4003, column-direction wiring. The line- 
and column-direction wiring 4002 and 4003 actually 
have limited electric resistances, however, in Fig. 
31, the electric resistances are indicated as wiring 
25 resistances 4004 and 4005. The wiring in Fig. 31 is 
referred to as simple matrix wiring. 
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[0014] 

Note that in Fig. 31, the electron-beam source 
is shown with a 6 x 6 matrix for the convenience of 
illustration. However, the matrix size is not 
5 limited to this arrangement but may be any size as 
far as the matrix have devices of a number for a 
desired image display in case of, e.g., an electron- 
beam source for an image display apparatus . 
[0015] 

10 In the electron-beam source having matrix-wired 

surf ace -conduction electron- emitting devices as shown 
in Fig. 31, to output a desired electron beam, 
appropriate electric signals are applied to the row- 
and column- direction wirings 4002 and 4003. For 

15 example, to drive SCE type electron-emitting devices 
in an arbitrary one line in the matrix, a selection 
voltage Vs is applied to the row-direction wiring 
4002 at the line to be selected, at the same time, a 
non- selection voltage Vns is applied to the row- 

20 direction wiring 4002 at the lines not to be selected. 
In synchronization with this operation, a drive 
voltage Ve for outputting an electron beam is applied 
to the column-direction wiring 4003. According to 
this method, if voltage down by the wiring 

25 resistances 4004 and 4005 are ignored, the SCE type 
electron-emitting devices of the selected line 
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receive a Ve-Vs voltage, while the SCE type electron- 
emitting devices of the non- selected lines receive a 
Ve-Vns voltage. If the voltages Ve, Vs and Vns are 
respectively set to an appropriate voltage value, an 
5 electron beam having a desired intensity is emitted 
only from the surface-conduction electron-emitting 
devices of the selected line. Further, if drive 
voltages Ve's of different values are applied to 
respective wire of the column-direction wiring, 

10 electron beams of different intensities are emitted 
from the respective devices of the selected line. As 
the surface-conduction electron-emitting devices has 
a high response speed, an electron-beam emission 
period can be varied by changing an application 

15 period of applying the drive voltage Ve. 
[0016] 

Thus, the electron-beam source having a simple- 
matrix wired SCE type electron-emitting devices 
provides various possibilities of application. For 
20 example, it can be used as an electron-beam source 
for an image display apparatus if appropriate 
application of an electric signal is made in 
accordance with image information. 
[0017] 

25 However, the electron-beam source having a 

simple-matrix wired SCE type electron-emitting 



7-307291 
Page 19 



devices actually has a problem as follows. 
[0018] 

That is, regarding surface-conduction electron- 
emitting devices used in an image forming apparatus 
and the like, further increase of emission current 
and improvement of emission efficiency are desired. 
Note that "efficiency" means a current ratio of 
current emitted in vacuum (hereinafter referred to as 
"electron emission current Ie") with respect to 
current that flows when a voltage is applied to 
device electrode of each of surface-conduction 
electron-emitting devices (hereinafter referred to as 
"device current If"). 
[0019] 

[Means of Solving Problem(s)] 
Accordingly, an object of the present invention 
is to provide a processing method for increasing 
emission current of an electron-beam source having a 
plurality of electron-emitting devices. 
[0020] 

Another object of the present invention is to 
provide a processing method for performing the above 
processing in a short period. 
[0021] 

Another object of the present invention is to 
provide a processing method for uniforming emission 
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current characteristics among a plurality of 
electron-emitting devices. 
[0022] 

According to the present invention, the above 
5 objects are attained by providing, 

an electron-beam source manufacturing method 
comprising an activation step of generating 
activation material at a plurality of electron- 
emitting devices, by dividing the plurality of 
10 electron-emitting devices into plural groups and 
sequentially applying voltage to each group, 
[0023] 
[Embodiments] 
The present inventors have studied about the 
15 aforementioned increase of emission current Ie, and 
found that increase of emission current Ie in vacuum 
is enabled by adding a new process referred to 
"activation" processing (to be described in detail 
later) to control a film, comprising graphite or 
20 amorphous carbon or mixture of both, and cover around 
an electron-emitting portion with the film. 
[0024] 

The activation processing is performed after 
the completion of the forming processing. In the 
25 activation processing, application of a pulse having 
a constant voltage in vacuum of 10" 4 -10" 5 Torr vacuum 
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is repeated to accumulate the above carbon or carbon 
compound from organic material existing in the vacuum, 
which increases the emission current Ie to a 
considerably large amount. Fig. 27 shows an example 
5 of pulse- voltage waveform upon activation, and Fig. 
28 shows an example of change of the device current 
If and the emission current Ie upon activation. 
[0025] 

In this manner, addition of the activation 
10 processing attains increase of the emission current 
amount Ie of the SCE type electron-emitting device. 
In a case where this is applied to a method for 
manufacturing an electron-beam source having a 
simple-matrix wired SCE type electron-emitting 
15 devices, the following problems occur. 
[0026] 

For example, when the activation processing is 
performed on an electron-beam source having N x M 
matrixed SCE type electron-emitting devices, 
20 a. it takes a lot of time to complete processing of 
all the devices; and 
[0027] 

b. non-uniformity occurs to an Ie-output 
characteristic of each SCE type electron -emitting 
25 device after processing. 
[0028] 
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It is difficult to solve both of the problems 
at once. 

[0029] 

As the first problem that causes the above 
inconveniences, when the electron-beam source having 
N x M matrixed SCE type electron- emitting devices is 
manufactured, as lst-Nth lines are sequentially 
activated, assuming it takes 30 minutes to perform 
the activation per line, 30 x N minutes is required 
to complete the processing of the overall electron - 
beam source. Fig. 29 shows an equivalence circuit 
upon activation of the simple-matrix wired electron- 
beam source. In application of an image forming 
apparatuses such as a flat-type display, the number 
of N and that of M may be hundreds to thousands, 
accordingly, a huge amount of activation time is 
required. In such case, manufacturing of apparatus 
with low costs is difficult. Further, in long 
activation processing, as the amount of 
aforementioned organic materials in the vacuum 
changes, it is difficult to activate all the lines on 
a constant condition. In this case, uniformed 
electron-emitting characteristics cannot be obtained. 
[0030] 

This problem also occurs in an electron-beam 
source where a plurality of SCE type electron- 
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emitting devices are wired in a shape of ladder 
(hereinafter referred to as "ladder wiring") as shown 
in Fig. 30. In this case, the activation requires 
time for the number of lines, and activation by line 
5 causes non-uniformity of electron-emitting 
characteristics of respective lines. 
[0031] 

As the second problem, when the activation 
processing is performed on the multi-beam electron- 
10 beam source in Fig. 31 by line, i.e. , when one wire 
of the row-direction wiring 4002 is selected, wiring 
resistances 4004 and 4005 of the row- and column- 
direction wirings cause voltage drop there. On the 
other hand, drive current from the column-direction 
15 wiring 4003 flows through the respective surface- 
conduction electron-emitting devices on the selected 
line of the row-direction wiring 4002. Accordingly, 
especially voltage drop at the row- direction wiring 
4002 cannot be ignored, since this causes non- 
20 uniformity of the voltage applied to the surface- 
conduction electron-emitting devices connected to the 
selected wire of the row-direction wiring 4002 and 
difference among electron-emitting characteristics 
after the activation processing, which disturbs 
25 uniformed electron emission. 
[0032] 
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Further, when the activation processing has 
progressed by a certain steps, the amount of 
resistance component of the SCE type electron- 
emitting device changes in two orders of magnitude 
5 due to the voltage applied to its both ends. That is, 
in status where the device is half selectively- driven 
in the simple matrix structure, the resistance 
component is large in comparison with completely 
selectively-driven status. Accordingly, the device 

10 half selectively-driven can be regarded as being open 
circuit. Then, the equivalence circuit of a multi 
electron -beam source having M x N matrixed SCE type 
electron-emitting devices shown in Fig. 31 can be 
shown with an equivalent circuit as shown in Fig. 32, 

15 where only selectively- driven devices are used. In 
Fig. 32, wiring resistance 4006 indicates accumulated 
resistance from an driven end to a driven device, by 
each wire of column -direct ion wiring 4003. The drive 
current flows through the column-direction wiring 

20 4003 to the respective devices, and branches of 

current get together on the row-direction wiring 4002. 
This causes voltage drop, as shown in Fig. 33, by the 
wiring resistance 4004 of the row-direction wiring 
4002. As a result, difference occurs among the 

25 activation voltages applied to the respective devices, 
then difference occurs among electron-emitting 
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characteristics of the respective devices. When such 
electron-beam source is employed for image display, 
uniformity of display luminance distribution is 
degraded . 
5 [0033] 

The present invention has been made in view of 
the above findings and provides a method to deal with 
the first or second problem otherwise the both, 
[0034] 

10 Preferred embodiments of the present invention 

will be described in detail below. 
[0035] 

A preferred embodiment of the present invention 
will be described in accordance with the attached 
15 drawings . 

[0036] 

First, a SCE type electron-emitting device 
according to the embodiment, a multi electron-beam 
source formed using a plural number of the SCE type 

( 

20 electron-emitting devices and an image display 

apparatus using the multi electron-beam source will 
be described with reference to Figs. 8 to 18. 
[0037] 

(Construction of Display Panel and Manufacturing 
25 Method) 

First, the construction of a display panel of 
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the image display apparatus to which the present 
invention is applied and a method for manufacturing 
the display panel will be described below. 
[0038] 

5 Fig. 8 is a perspective view of the display 

panel where a portion of the panel is removed for 
showing the internal structure of the panel. 
[0039] 

In Fig. 8, numeral 1005 denotes a rear plate; 

10 1006, a side wall; and 1007, a face plate. These 
parts 1005 to 1007 form an airtight container for 
maintain the inside of the display panel vacuum. To 
construct the airtight container, it is necessary to 
seal-connect the respective parts to obtain 

15 sufficient strength and maintain airtight condition. 
For example, a frit glass is applied to junction 
portions, and sintered at 400 to 500 °C for 10 
minutes or longer in air or nitrogen atmosphere, thus 
the parts are seal-connected. A method for 

20 exhausting air from the inside of the container will 
be described later. 
[0040] 1 

The rear plate 1005 has a substrate 1001 fixed 
there, on which N x M SCE type electron-emitting 
25 devices 1002 are provided (M, N = positive integer 
equal to "2" or greater, appropriately set in 
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accordance with an object number of display pixels. 
For example, in a display apparatus for high-quality 
television display, desirably N = 3000 or greater, M 
= 1000 or greater. In this embodiment, N = 3072, M = 
5 1024). The N x M SCE type electron-emitting devices 
are arranged in a simple matrix with M row-direction 
wires 1003 and N column-direction wires 1004. The 
portion constituted with these parts 1001 to 1004 
will be referred to as a multi electron-beam source. 
10 Note that a manufacturing method and the structure of 
the multi electron-beam source will be described in 
detail later. 

[0041] 

In this embodiment, the substrate 1001 of the 
15 multi electron-beam source is fixed to the rear plate 
1005 of the airtight container. However, if the 
substrate 1001 has sufficient strength, the substrate 
1001 of the multi electron-beam source itself may be 
used as the rear plate of the airtight container. 
20 [0042] 

Further, a fluorescent film 1008 is formed 
under the face plate 1007. As this embodiment is a 
color display apparatus, the fluorescent film 1008 is 
colored with red, green and blue three primary color 
25 fluorescent substances. The fluorescent substance 
portions are in stripes as shown in Fig. 9(a), and 
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black conductive material 1010 is provided between 
the stripes. The object of providing the black 
conductive material 1010 is to prevent shifting of 
display color even if electron -beam irradiation 
5 position is shifted to some extent, to prevent 
degradation of display contrast by shutting off 
reflection of external light, to prevent charge-up of 
the fluorescent film by electron beams, and the like. 
The black conductive material 1010 mainly comprises 
10 graphite, however, any other materials may be 

employed so far as the above object can be attained. 
[0043] 

Further, three -primary colors of the 
fluorescent film is not limited to the stripes as 
15 shown in Fig. 9(a). For example, delta arrangement 

as shown in Fig. 9(b) or any other arrangement may be 
employed. Note that when a monochrome display panel 
is formed, a single-color fluorescent substance may 
be applied to the fluorescent film 1008, and the 
20 black conductive material may be omitted. 
[0044] 

Further, a metal back 1009, which is a well- 
known part in the CRT field, is provided on the rear 
plate side surface of the fluorescent film 1008. The 
25 object of providing the metal back 1009 is to improve 
light-utilization ratio by mirror-reflecting a part 
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of light emitted from the fluorescent film 1008, to 
protect the fluorescent film 1008 from collision 
between negative ions, to use the metal back 1009 as 
an electrode for applying an electron-beam 
5 accelerating voltage, to use the metal back 1009 as a 
conductive path for electrons which excited the 
fluorescent film 1008, and the like. The metal back 
1009 is formed by, after forming the fluorescent film 
1008 on the face plate 1007, smoothing the 

10 fluorescent film front surface, and vacuum- 
evaporating Al thereon. Note that in a case where 
the fluorescent film 1008 comprises fluorescent 
material for low voltage, the metal back 1009 is not 
used. 

15 [0045] 

Further, for application of accelerating 
voltage or improvement of conductivity of the 
fluorescent film, transparent electrodes comprising, 
e.g., ITO, may be provided between the face plate 

20 1007 and the fluorescent film 1008, although this 
embodiment does not employ such electrodes . 
[0046] 

Further, symbols Dxl to Dxm, Dyl to Dyn and Hv 
denote electric connection terminals for airtight 
25 structure provided for electrical connection of the 
display panel with an electric circuit (not shown). 
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The terminals Dxl to Dxm are electrically connected 
to the row-direction wiring 1003 of the multi 
electron-beam source; Dyl to Dyn, to the column- 
direction wiring 1004; and Hv, to the metal back 1009 
5 of the face plate. 

[0047] 

To exhaust air from the inside of the airtight 
container and make the inside vacuum, after forming 
the airtight container, a exhaust pipe and a vacuum 

10 pump (both not shown) are connected, and exhaust air 
from the airtight container to vacuum at about 10" 7 
Torr. Thereafter, the exhaust pipe is sealed. To 
maintain the vacuum condition inside of the airtight 
container, a getter film (not shown) is formed at a 

15 predetermined position in the airtight container 
immediately before/after the sealing. The getter 
film is a film formed by heating or high-frequency 
heating and evaporating gettering material mainly 
including, e.g., Ba. The suction-attaching operation 

20 of the gettering film maintains the vacuum condition 
in the container 1 x 10" 5 or 1 x 10" 7 Torr. 
[0048] 

The basis structure and manufacturing method of 
the display panel according to the general embodiment 
25 is described as above. 
[0049] 
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Next, the manufacturing method of the multi 
electron-beam source used in the display panel 
according to the general embodiment will be described. 
As the multi electron -beam source used in the image 
5 display apparatus, any manufacturing method may be 
employed so far as it is for manufacturing an 
electron-beam source where SCE type electron-emitting 
devices are arranged in a simple matrix. However, 
the present inventors have found that among the SCE 

10 type electron-emitting devices, an electron-beam 
source where an electron- emitting portion or its 
peripheral portion comprises a fine particle film is 
excellent in electron-emitting characteristic and 
further, it can be easily manufactured. Accordingly, 

15 this type of electron-beam source is the most 

appropriate electron -beam source to be employed in a 
multi electron-beam source of a high luminance and 
large- screened image display apparatus. In the 
display panel of the general embodiment, SCE type 

20 electron-emitting devices each has an electron- 
emitting portion or peripheral portion formed from a 
fine particle film are employed. First, the basic 
structure, manufacturing method and characteristic of 
the preferred SCE type electron-emitting device will 

25 be described, and the structure of the multi 

electron-beam source having simple-matrix wired SCE 
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type electron-emitting devices will be described 
later. 

[0050] 

(Preferred Structure and Manufacturing Method of SCE 
5 Device ) 

The typical structure of the SCE type electron - 
emitting device where an electron-emitting portion or 
its peripheral portion is formed from a fine particle 
film includes a flat type structure and a stepped 
10 type structure. 

[0051] 

(Flat SEC Type Electron-Emitting Device) 

First, the structure and manufacturing method 
of a flat SCE type electron-emitting device will be 

15 described. Fig. 10 has a plan view Fig. 10(a) and a 
cross -sectional view Fig. 10(b) for explaining the 
structure of the flat SCE type electron-emitting 
device. In Figs. 10(a) and 10(b), numeral 1101 
denotes a substrate; 1102 and 1103, device 

20 electrodes; 1104, a conductive thin film; 1105, an 
electron-emitting portion formed by the forming 
processing; and 1113, a thin film formed by the 
activation processing. 
[0052] 

25 As the substrate 1101, various glass substrates 

of, e.g., quartz glass and soda-lime glass, various 
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ceramic substrates of, e.g., alumina, or any of those 
substrates with an insulating layer e.g., Si0 2 , 
formed thereon can be employed. 
[0053] 

The device electrodes 1102 and 1103, provided 
in parallel to the substrate 1101 and opposing to 
each other, comprise conductive material. For 
example, any material of metals such as Ni, Cr, Au, 
Mo, W, Pt, Ti, Cu, Pd and Ag, or alloys of these 
metals, otherwise metal oxides such as In 2 0 3 -Sn0 2 , or 
semiconductive material such as polysilicon, can be 
employed. The electrode is easily formed by the 
combination of a film-forming technique such as 
vacuum- evaporation and a patterning technique such as 
photolithography or etching, however, any other 
method (e.g., printing technique) may be employed. 
[0054] 

The shape of the electrodes 1102 and 1103 is 
appropriately designed in accordance with an 
application object of the electron-emitting device. 
Generally, an interval L between electrodes is 
designed by selecting an appropriate value in a range 
from hundreds angstroms to hundreds micrometers . 
Most preferable range for a display apparatus is from 
several micrometers to tens micrometers. As for 
electrode thickness d, an appropriate value in a 
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range from hundreds angstroms to several micrometers. 
[0055] 

The conductive thin film 1104 comprises a fine 
particle film. The fine particle film is a film 
5 which contains a lot of fine particles (including 
masses of particles) as film-constituting members. 
In microscopic view, normally individual particles 
exist in the film at predetermined intervals, or in 
adjacent to each other, or overlapped with each other. 

10 [0056] 

One particle has a diameter within a range from 
several angstroms to thousands angstroms. Preferably, 
the diameter is within a range from 10 angstroms to 
200 angstroms. The thickness of the film is 

15 appropriately set in consideration of conditions as 
follows. That is, condition necessary for electrical 
connection to the device electrode 1102 or 1103, 
condition for the forming processing to be described 
later, condition for setting electric resistance of 

20 the fine particle film itself to an appropriate value 
to be described later etc. 
[0057] 

Specifically, the thickness of the film is set 
in a range from several angstroms to thousands 
25 angstroms, more preferably, 10 angstroms to 500 
angstroms . 
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[0058] 

Materials used for forming the fine particle 
film are, e.g., metals such as Pd, Pt # Ru, Ag, Au, Ti, 
In, Cu, Cr, Fe, Zn, Sn, Ta, W and Pb, oxides such as 
5 PdO, Sn0 2 , ln 2 0 3 , PbO and Sb 2 0 3 , borides such as Hf B 2 , 
ZrB 2 , LaB 6 , CeB 6 , YB 4 and GdB 4 , carbides such as TiC, 
ZrC, HfC, TaC, SiC and WC, nitrides such as TiN, ZrN 
and Hf N, semiconductors such as Si and Ge, and 
carbons. Any of appropriate material(s) is 
10 appropriately selected. 
[0059] 

As described above, the conductive thin film 
1104 is formed with a fine particle film, and sheet 
resistance of the film is set to reside within a 
15 range from 10 3 to 10 7 [Q/sq]. 
[0060] 

As it is preferable that the conductive thin 
film 1104 is electrically connected to the device 
electrodes 1102 and 1103, they are arranged so as to 

20 overlap with each other at one portion. In Fig. 10, 
the respective parts are overlapped in order of, the 
substrate, the device electrodes, and the conductive 
thin film, from the bottom. This overlapping order 
may be, the substrate, the conductive thin film, and 

25 the device electrodes, from the bottom. 
[0061] 
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The electron-emitting portion 1105 is a 
fissured portion formed at a part of the conductive 
thin film 1104. The electron-emitting portion 1105 
has a resistance characteristic higher than 
5 peripheral conductive thin film. The fissure is 
formed by the forming processing to be described 
later on the conductive thin film 1104. In some 
cases, particles, having a diameter of several 
angstroms to hundreds angstroms, are arranged within 
10 the fissured portion. As it is difficult to exactly 
illustrate actual position and shape of the electron- 
emitting portion, therefore. Fig. 10 shows the 
fissured portion schematically. 
[0062] 

15 The thin film 1113, which comprises carbon or 

carbon compound material, covers the electron - 
emitting portion 1105 and its peripheral portion. 
The thin film 1113 is formed by the activation 
processing to be described later after the forming 

20 processing. 

[0063] 

The thin film 1113 preferably comprises 
graphite monocrystalline, graphite polycrystalline, 
amorphous carbon, or mixture thereof, and its 
25 thickness is 500 angstroms or less, more preferably, 
300 angstroms or less. 
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As it is difficult to exactly illustrate actual 
position or shape of the thin film 1113, Fig. 10 
shows the film schematically. Fig. 10(a) shows the 
device where a part of the thin film 1113 is removed. 
5 [0064] 

The preferred basic structure of SCE type 
electron-emitting device is as described above. In 
the embodiment, the device has the following 
constituents. 
10 [0065] 

That is, the substrate 1101 comprises a soda- 
lime glass, and the device electrodes 1102 and 1103, 
an Ni thin film. The electrode thickness d is 1000 
angstroms and the electrode interval L is 2 
15 micrometers . 

[0066] 

Pd or PdO is used as the main material of the 
fine-particle film, and the thickness of the fine- 
particle film is about 1000 angstroms and the width W 
20 is 100 micrometers. 

[0067] 

Next, a method of manufacturing a preferred 
flat SCE type electron-emitting device will be 
described with reference to Figs. 11(a) to 11(d) 
25 which are cross -sectional views showing the 

manufacturing processes of the SCE type electron- 
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emitting device. Note that reference numerals are 
the same as those in Fig. 10. 
[0068] 

1) First, as shown in Fig. 11(a), the device 
5 electrodes 1102 and 1103 are formed on the substrate 
1101. 

[0069] 

Upon formation of the electrodes 1102 and 1103, 
first, the substrate 1101 is fully washed with a 

10 detergent, pure water and an organic solvent, then, 
material of the device electrodes is deposited there 
(as a depositing method, a vacuum film-forming 
technique such as evaporation and sputtering may be 
used). Thereafter, patterning using a 

15 photolithography etching technique is performed on 
the deposited electrode material. Thus, the pair of 
device electrodes (1102 and 1103) as shown in Fig. 
11(a) are formed. 
[0070] 

20 2) Next, as shown in Fig. 11(b), the conductive 
thin film 1104 is formed. 
[0071] 

Upon formation of the conductive thin film 1104, 
first, an organic metal solvent is applied to the 
25 substrate descrived in Fig. 11(a), then the applied 
solvent is dried and sintered, thus forming a fine 
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particle film. Thereafter, the fine particle film is 
patterned, in accordance with the photolithography 
etching method, into a predetermined shape. The 
organic metal solvent means a solvent of organic 
5 metal compound containing material of minute 

particles, used for forming the conductive thin film, 
as main component (i.e., Pd in this embodiment. In 
the embodiment, application of organic metal solvent 
is made by a dipping method, however, any other 
10 method such as a spinner method and spraying method 
may be employed) . 
[0072] 

As a film-forming method of the conductive thin 
film made with the minute particles, the application 
15 of organic metal solvent used in the embodiment can 
be replaced with any other method such as a vacuum 
evaporation method, a sputtering method or a chemical 
vapor-phase accumulation method. 
[0073] 

20 3) Then, as shown in Fig. 11(c), appropriate voltage 
is applied between the device electrodes 1102 and 
1103, from a power source 1110 for the forming 
processing, then the forming processing is performed, 
thus forming the electron-emitting portion 1105. 

25 [0074] 

The forming processing here is electric 
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energization of a conductive thin film 1104 formed of 
a fine particle film, to appropriately destroy, 
deform, or deteriorate a part of the conductive thin 
film, thus changing the film to have a structure 
5 suitable for electron emission. In the conductive 
thin film, the portion changed for electron emission 
(i.e., electron-emitting portion 1105) has an 
appropriate fissure in the thin film. Comparing the 
thin film 1104 having the electron-emitting portion 
10 1105 with the thin film before the forming processing, 
the electric resistance measured between the device 
electrodes 1102 and 1103 has greatly increased. 
[0075] 

For more detailed explanation of the forming 
15 processing. Fig. 12 shows an example of waveform of 
appropriate voltage applied from the forming power 
source 1110. Preferably, in case of forming a 
conductive thin film of a fine particle film, a 
pulse-form voltage is employed. In this embodiment, 
20 a triangular -wave pulse having a pulse width Tl is 
continuously applied at pulse interval of T2. Upon 
application, a wave peak value Vpf of the triangular- 
wave pulse is sequentially increased. Further, a 
monitor pulse Pm to monitor status of forming the 
25 electron-emitting portion 1105 is inserted between 
the triangular-wave pulses at appropriate intervals. 
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and current that flows at the insertion is measured 
by a galvanometer 1111. 
[0076] 

In this embodiment, in 10" 5 Torr vacuum 
5 atmosphere, the pulse width Tl is set to 1 msec; and 
the pulse interval T2, to 10 msec. The wave peak 
value Vpf is increased by 0.1 V, at each pulse. Each 
time the triangular-wave has been applied for five 
pulses, the monitor pulse Pm is inserted. To avoid 

10 ill-effecting the forming processing, a voltage Vpm 
of the monitor pulse is set to 0.1 V. When the 
electric resistance between the device electrodes 
1102 and 1103 becomes 1 x 10 6 Q , i.e., the current 
measured by the galvanometer 1111 upon application of 

15 monitor pulse becomes 1 x 10" 7 Q or less, the 
electrification of the forming processing is 
terminated. 

[0077] 

Note that the above processing method is 
20 preferable to the SCE type electron-emitting device 
of the present embodiment. In case of changing the 
design of the SCE type electron-emitting device 
concerning, e.g., the material or thickness of the 
fine particle film, or the device electrode interval 
25 L, the conditions for electrification are preferably 
changed in accordance with the change of device 



7-307291 
Page 42 



design. 

[0078] 

4) Next, as shown in Fig. 11(d), appropriate 
voltage is applied, from an activation power source 
5 1112, between the device electrodes 1102 and 1103, 
and the activation processing is performed to 
improve electron-emitting characteristic. 
[0079] 

The activation processing here is 

10 electrification of the electron-emitting portion 1105, 
formed by the forming processing, on appropriate 
condition(s) , for depositing carbon or carbon 
compound around the electron-emitting portion 1105 
(In Fig. 11(d), the deposited material of carbon or 

15 carbon compound is shown as material 1113). 

Comparing the electron-emitting portion 1105 with 
that before the activation processing, the emission 
current at the same applied voltage has become, 
typically, 100 times or greater. 

20 [0080] 

The activation is made by periodically applying 
a voltage pulse in 10" 4 or 10" 5 Torr vacuum atmosphere, 
to accumulate carbon or carbon compound derived from 
organic compound(s) existing in the vacuum atmosphere. 

25 The accumulated material 1113 is any of graphite 

monocrystalline, graphite polycrystalline, amorphous 
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carbon or mixture thereof. The thickness of the 
accumulated material 1113 is 500 angstroms or less, 
more preferably, 300 angstroms or less. 
[0081] 

5 For more detailed explanation of the activation 

processing. Fig. 13(a) shows an example of waveform 
of appropriate voltage applied from the activation 
power source 1112. In this embodiment, the 
activation is made by periodically applying a 

10 rectangular-wave of a constant voltage. More 

specifically, the rectangular -wave voltage Vac is set 
to 14 V; a pulse width T3, to 1 msec; and a pulse 
interval T4, to 10 msec. Note that the above 
electrification conditions are preferable for the SCE 

!5 type electron-emitting device of the embodiment. In 
a case where the design of the SCE type electron- 
emitting device is changed, the electrification 
conditions are preferably changed in accordance with 
the change of device design. 

20 [0082] 

In Fig. 11(d), numeral 1114 denotes an anode 
electrode, connected to a direct -current (DC) high- 
voltage power source 1115 and a galvanometer 1116, 
for capturing emission current Ie emitted from the 

25 SCE type electron-emitting device (in a case where 
the substrate 1101 is incorporated into the display 
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panel before the activation processing, the 
fluorescent surface of the display panel is used as 
the anode electrode 1114). While applying voltage 
from the activation power source 1112, the 
5 galvanometer 1116 measures the emission current Ie, 
thus monitoring the progress of activation processing, 
to control the operation of the activation power 
source 1112. Fig. 105(b) shows an example of the 
emission current Ie measured by the galvanometer 1116. 

10 In this example, as application of pulse voltage from 
the activation power source 1112 is started, the 
emission current Ie increases with elapse of time, 
gradually comes into saturation, and almost never 
increases then. At the substantial saturation point, 

15 the voltage application from the activation power 
source 1112 is stopped, then the activation 
processing is terminated. 
[0083] 

Note that the above electrification conditions 
20 are preferable to the SCE type electron-emitting 
device of the embodiment. In case of changing the 
design of the SCE type electron-emitting device, the 
conditions are preferably changed in accordance with 
the change of device design. 
25 [0084] 

As described above, the SCE type electron- 
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emitting device as shown in Fig. 11(e) is 
manufactured . 

[0085] 

(Step SCE type Electron-Emitting Device) 
5 Next, another typical structure of the SCE type 

electron-emitting device where an electron-emitting 
portion or its peripheral portion is formed of a fine 
particle film, i.e., a stepped SCE type electron- 
emitting device will be described. 

10 [0086] 

Fig. 14 is a cross -sectional view schematically 
showing the basic construction of the step SCE type 
electron-emitting device. In Fig. 14, numeral 1201 
denotes a substrate; 1202 and 1203, device 

15 electrodes; 1206, a step-forming member for making 
height difference between the electrodes 1202 and 
1203; 1204, a conductive thin film using a fine 
particle film; 1205, an electron-emitting portion 
formed by the forming processing; and 1213, a thin 

20 film formed by the activation processing. 

Difference between the step device structure 
from the above- described flat device structure is 
that one of the device electrodes (1202) is provided 
on the step- forming member 1206 and the conductive 

25 thin film 1204 covers the side surface of the step- 
forming member 1206. The device interval L in Fig. 
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10 is set in this structure as a height difference Ls 
corresponding to the height of the step-forming 
member 1206. Note that the substrate 1201 , the 
device electrodes 1202 and 1203, the conductive thin 
5 film using the fine particle film can comprise the 
materials given in the explanation of the flat SCE 
type electron-emitting device. Further, the step- 
forming member 1206 comprises electrically insulating 
material such as Si0 2 . 

10 [0087] 

Next, a method of manufacturing the stepped SCE 
type electron-emitting device will be described. 
Figs. 15(a) to 15(f) are cross -sectional views 
showing the manufacturing processes. In these 

15 figures, reference numerals of the respective parts 
are the same as those in Fig. 14. 
[0088] 

1) First, as shown in Fig. 15(a), the device 
electrode 1203 is formed on the substrate 1201. 

20 [0089] 

2) Next, as shown in Fig. 15(b), an insulating layer 
for forming the step-forming member is deposited. 
The insulating layer may be formed by accumulating, 
e.g., Si0 2 by a sputtering method, however, the 

25 insulating layer may be formed by a film- forming 
method such as a vacuum evaporation method or a 
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[0090] 

3) Next, as shown in Fig. 15(c), the device 
electrode 1202 is formed on the insulating layer. 

[0091] 

4) Next, as shown in Fig. 15(d), a part of the 
insulating layer is removed by using, e.g., an 
etching method, to expose the device electrode 1203. 

[0092] 

5) Next, as shown in Fig. 15(e), the conductive thin 
film 1204 using the fine particle film is formed. 
Upon formation, similar to the above-described flat 
device structure, a film-forming technique such as an 
applying method is used. 

[0093] 

6) Next, similar to the flat device structure, the 
forming processing is performed to form the electron- 
emitting portion (the forming processing similar to 
that explained using Fig. 11(c) may be performed). 

7) Next, similar to the flat device structure, the 
activation processing is performed to deposit carbon 
or carbon compound around the electron -emitting 
portion (activation processing similar to that 
explained using Fig. 11(d) may be performed). 

[0094] 

As described above, the stepped SCE type 
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electron-emitting device as shown in Fig. 11(f) is 
manufactured. 

[0095] 

(Characteristic of SCE Type Electron-Emitting Device 
5 Used in Display Apparatus) 

The structure and manufacturing method of the 
flat SCE type electron-emitting device and those of 
the stepped SCE type electron-emitting device are as 
described above. Next, the characteristic of the 
10 electron-emitting device used in the display 
apparatus will be described below. 
[0096] 

Fig. 16 shows a typical example of (emission 
current Ie) to (device voltage, (i.e. voltage to be 

15 applied to the device) Vf) characteristic and (device 
current If) to (device application voltage Vf) 
characteristic of the device used in the display 
apparatus . Note that compared with the device 
current If, the emission current Ie is very small, 

20 therefore it is difficult to illustrate the emission 
current Ie by the same measure of that for the device 
current If. In addition, these characteristics 
change due to change of designing parameters such as 
the size or shape of the device. For these reasons, 

25 two lines in the graph of Fig. 16 are respectively 
given in arbitrary units. 
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[0097] 

Regarding the emission current Ie, the device 
used in the display apparatus has three 
characteristics as follows: 
5 [0098] 

First, when voltage of a predetermined level 
(referred to as "threshold voltage Vth") or greater 
is applied to the device, the emission current Ie 
drastically increases. On the other hand, almost no 
10 emission current Ie is detected with voltage lower 
than the threshold voltage Vth. 
[0099] 

That is, regarding the emission current Ie, the 
device has a nonlinear characteristic based on the 
15 clear threshold voltage Vth. 
[0100] 

Secondly, the emission current Ie changes in 
dependence upon the device application voltage Vf . 
Accordingly, the emission current Ie can be 
20 controlled by changing the device voltage Vf . 
[0101] 

Thirdly, as the emission current Ie is emitted 
from the electron-emitting devices quickly in 
response to application of the device voltage Vf , an 
25 electrical charge amount of electrons to be emitted 
from the device can be controlled by changing period 
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of application of the device voltage Vf . 
[0102] 

The SCE type electron-emitting device with the 
above characteristics is preferably applied to the 

5 display apparatus. For example, in a display 

apparatus having a large number of devices provided 
corresponding to the number of pixels of a display 
screen, if the first characteristic is utilized, 
display by sequential scanning of display screen is 

10 possible. This means that the threshold voltage Vth 
or greater is appropriately applied to a driven 
device, while voltage lower than the threshold 
voltage Vth is applied to an unselected device. In 
this manner, sequentially changing the driven devices 

15 enables display by sequential scanning of display 
screen. 

[0103] 

Further, emission luminance can be controlled 
by utilizing the second or third characteristic, 
20 which enables multi- gradation display. 
[0104] 

(Structure of Simple-Matrix Wired Multi Electron-Beam 
Source ) 

Next, the structure of a multi electron-beam 
25 source where a large number of the above SCE type 
electron-emitting devices are arranged with the 
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[0105] 

Fig. 17 is a plan view of the multi electron- 
beam source used in the display panel in Fig. 8. 
There are SCE type electron-emitting devices similar 
to those shown in Fig. 10 on the substrate. These 
devices are arranged in a simple matrix with the row- 
direction wires 1003 and the column -direct ion wires 
1004. At an intersection of the wires 1003 and 1004, 
an insulating layer (not shown) is formed between the 
wires, to maintain electrical insulation. 
[0106] 

Fig. 18 shows a cross-section cut out along the 
line A-A' in Fig. 17. 
[0107] 

Note that this type multi electron-beam source 
is manufactured by forming the row- and column - 
direction wires 1003 and 1004, the insulating layers 
(not shown) at wires' intersections, the device 
electrodes and conductive thin films on the substrate, 
then supplying electricity to the respective devices 
via the row- and column-direction wires 1003 and. 1004, 
thus performing the forming processing and the 
activation processing. 
[0108] 

As described above, in the manufacturing 



7-307291 
Page 52 



processes of the multi electron-beam source using the 
SCE type electron-emitting devices, the activation 
processing have a great influence upon display 
characteristic of formed image display apparatus. 
5 Although the description has been made with regard to 
a single device, upon formation of the image display 
apparatus, the activation processing is required to 
all the devices. The following first to eighth 
embodiments are examples of preferred activation 
10 processing to the entire multi electron-beam source. 
[0109] 

Hereinbelow, the first embodiment of the 
present invention will be described in detail with 
reference to the drawings. 

15 [0110] 

<First Embodiment > 

Fig. 1 shows an activating device for 
activating the SCE type electron-emitting device 
according to the first embodiment. In Fig. 1, 

20 numeral 1 denotes an activation voltage source which 
generates an activating voltage pulse; 2, a line 
selector for selecting a line to apply the voltage 
pulse generated by the activation voltage source 1; 3, 
a controller which controls the activation voltage 

25 source 1 and the line selector 2; and 4, an electron- 
source substrate to be activated, on which a 
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plurality of SCE type electron- emitting devices which 
have been forming-processed are arranged in a M x N 
simple matrix. The electron -source substrate 4 is 
provided in a vacuum device (not shown) which has 10" 
5 4 to 10~ 5 Torr vacuum condition. 
[0111] 

Hereinafter, a method for activating the SCE 
type electron-emitting device according to the first 
embodiment will be described with reference to Fig. 1. 

10 The activation voltage source 1 is used for 

generating a voltage pulse necessary for activation. 
In this embodiment, the output voltage waveform of 
the activation voltage source 1 is as shown in Fig. 
27, where Tl (pulse width) = 1 msec, T2 (pulse 

15 interval) = 2 msec, and the voltage wave peak value 
is 14V. The controller 3 controls the activation 
voltage source output. The output voltage is 
inputted into the line selector 2 and applied to a 
selected line. 

20 [0112] 

The operation of the line selector 2 will be 
described with reference to Fig. 2. The line 
selector 2 comprises switches such as relay switches 
or analog switches. When the electron-beam source 

25 substrate 4 has an N x M matrix, M switches are 

arranged in parallel as swl to swM, and connected to 
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x-wire terminals Dxl to DxM of the electron- source 
substrate 4 via lines Sxl to SxM. The switches swl 
to swM operate to apply the voltage from the 
activation voltage source 1 to a line to be activated 
5 under the control of the controller 3. In Fig. 2, 

the switch swl is activated to select the first line, 
and the other lines are connected to the ground. 
[0113] 

Next, line- switching timing of this embodiment 
10 will be described with reference to Fig. 3. 
[0114] 

Fig. 3 is a timing chart showing operation 
timings of the activation voltage source 1 and the 
line selector 2 shown in Fig. 1. In Fig. 3, the top 
15 line indicates an output waveform of voltage from the 
activation voltage source 1; lines swl to swM, 
operation timings of the switches in the line 
selector 2; and lines Sxl to SxM, output waveforms of 
voltage from the line selector 2. 
20 [0115] 

As shown in Fig. 3, the activation voltage 
source 1 continuously outputs a rectangular pulse. 
[0116] 

As the pulse-output starts, first the switch 
25 swl is turned on, and the switch swl outputs the 
pulse to the terminal Dxl of the electron -source 
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substrate 4. However, the switch swl is turned on 
for only one pulse width. Immediately after the 
switch swl is turned off, the switch sw2 is turned on. 
In this manner, the switches swl to swM are 
5 sequentially turned on in accordance with the pulse 
output, and the respective output pulses indicated by 
Sxl to SxM are applied to the terminals Dxl to DxM. 
This operation is repeated from the switch swl . 
[0117] 

10 As a result of activation for a predetermined 

period, the emission current characteristics of the 
respective SCE type electron- emitting devices become 
uniform, which obtains high-quality images at the 
image display apparatus (display device) manufactured 

15 utilizing the electron-beam source having the SCE 
type electron-emitting devices. Time necessary for 
the activation processing is calculated from data on 
activation of one line. In comparison with the 
activation by each line, period needed to obtain the 

20 same emission current as in the independent 

activation by each line can be reduced to about 1/5. 
[0118] 

As described above, the application of voltage 
while line-scanning with respect to a plurality of 
25 SCE type electron-emitting devices, using the 
activating device of this embodiment can reduce 
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activation period and further uniform characteristics 
of the respective devices. 
[0119] 

Note that the present embodiment can be applied 
5 to the electron -source substrate 4 where a plurality 
of SCE type electron-emitting devices are connected 
with a ladder wiring. 

[0120] 
< Second Embodiment > 
10 Next, a second embodiment of the present 

invention will be describe below. 
[0121] 

The activating device according to the second 
embodiment is the same as that of the first 

15 embodiment except that the plurality of SCE type 
electron-emitting devices which have been already 
forming-processed are wired in ladder. Fig. 4 shows 
the construction of the ladder-wired electron-beam 
source. In Fig. 4, the components corresponding to 

20 those in Fig. 1 have the same reference numerals and 
the explanations of the components will be omitted. 
[0122] 

In Fig. 4, numeral 5 denotes an electron-source 
substrate where the already forming-processed SCE 
2 5 type electron-emitting devices are wired in a ladder. 
The electron- source substrate 5 is provided in a 
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vacuum device (not shown) which maintains 10" 4 or 10* 5 
Torr vacuum condition. 
[0123] 

In the ladder-wiring, the half of wires are 
5 electrically connected to the line selector 2 via 
terminals Dl to DM, and the other half of wires are 
connected to the ground level ( 0 volt ) . 
[0124] 

Fig. 5 is a timing chart showing operation 
10 timing of the activation voltage source 1 and the 
line selector 2 in Fig. 4. In Fig. 5, the top line 
indicates an output waveform of voltage from the 
activation voltage source 1; lines swl to swM, 
operation timings of the switches in the line 
15 selector 2; and lines SI to SM, output waveforms of 
voltage from the line selector 2. 
[0125] 

In this embodiment, the lines are divided into 
two groups, first half (lines 1 to M/2) and second 

20 half (lines M/2+1 to M) ) , and activation processing 
is performed on these groups in parallel. Within 
each group, similar to the first embodiment, voltage 
is applied while sequentially selecting a line. This 
activation method further reduces processing time in 

25 comparison with the first embodiment (note that the 
number of divided line groups is not limited to two. 
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but it may be appropriately determined in accordance 
with the number of lines ) . 

The operations of the respective parts are as 
shown in Fig. 5, where the activation voltage source 
5 1 continuously outputs a rectangular pulse. 
[0126] 

As the pulse-output starts, the lines swl and 
sw(M/2+l) (when M is an odd number, sw( (M+l ) /2+1 ) ) is 
turned on. Accordingly, the pulse is output ted to 

10 the terminals Dl and D(M/2+l) of the electron- source 
substrate 5. However, the lines swl and sw(M/2+l) 
(or sw[ (M+l) /2+1] ) are on for only one pulse width. 
Immediately after these lines are turned off, the 
lines sw2 and sw(M/2+2) (or sw( (M+l) /2+2) ) are turned 

15 on. In this manner, the lines swl to sw(M/2), and 
sw(M/2+l) to swM are sequentially turned on in 
accordance with the pulse output, and after the 
respective output pulses have been applied to the 
terminals Dl to D(M/2) and D(M/2+l) to DM, this 

20 operation is repeated from the line swl, sw(M/2+l) 
(or sw(M+l)/2+l) . 
[0127] 

As a result of activation for a predetermined 
period, the emission current characteristics of the 
25 respective SCE type electron -emitting devices become 
uniform, which obtains high-quality images at the 
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image display apparatus manufactured utilizing the 
electron-beam source having the SCE type electron- 
emitting devices. Time necessary for the activation 
processing is calculated from data on activation on 
one line. In comparison with the activation by each 
line, period needed to obtain the same emission 
current as in the activation by each line can be 
reduced to about 1/10. 
[0128] 

As described above, time of the activation on 
the overall electron- source substrate can be reduced 
by increasing lines which receive activation voltage 
pulses at once. Since too many lines increase 
electric consumption at the substrate, preferably, 
the number of lines to be activated is determined in 
accordance with limitations of heat -generation or 
electric capacity. 
[0129] 

Note that the second embodiment is also 
applicable to a case where the electron -source 
substrate 5 has a simple-matrix wired SCE type 
electron-emitting devices. 

[0130] 
<Third Embodiment > 

Next, a third embodiment of the present 
invention will be described in detail below. The 
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activating device of this embodiment is similar to 
that of the first embodiment, where a plurality of 
SCE type electron-emitting devices are also connected 
with a simple -matrix wiring. Difference is that the 
5 wires are taken out of the both sides of the 

substrate and commonly connected to the line selector. 
Fig. 6 shows the construction of the activating 
device according to the third embodiment. In Fig. 6, 
the components corresponding to those in Fig. 1 have 
10 the same reference numerals and the explanations of 
the components will be omitted. 
[0131] 

In Fig. 6, numeral 6 denotes an electron-beam 
source substrate where a plurality of SCE type 

15 electron-emitting devices which have been already 

forming-processed, as described above, are wired in a 
simple matrix. The electron-beam source substrate 6 
is provided in a vacuum device (not shown) which has 
10 4 to 10" 5 Torr vacuum condition. Note that the 

20 overall operation of the activating device in Fig. 6 
is similar to that in the first embodiment, therefore, 
the explanation of the operation of the activating 
device will be omitted. 
[0132] 

25 Fig. 7 is a timing chart showing the operation 

timings of the activation voltage source 1 and the 
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line selector 2 in Fig- 6. In Fig. 7, the top line 
indicates an output wave form of voltage from the 
activation voltage source 1; lines swl to swM, 
operation timings of the switches in the line 
5 selector 2; and lines Sxl to SxM, output waveforms of 
voltage from the line selector 2 . 
[0133] 

In the third embodiment, a simple- structured 
direct -current voltage source is used as the 
10 activating device 1. The activating device 1 outputs 
constant voltage 14 V. 
[0134] 

As the pulse-output starts, first the switch 
swl is turned on, and the switch swl outputs the 

15 pulse to the terminal Dxl of the electron- source 
substrate 6. However, the switch swl is turned on 
for only 1 msec. Immediately after the switch swl is 
turned off, the switch sw2 is turned on. in this 
manner, the switches swl to swM are sequentially 

20 turned on by 1 msec, and the respective 1-msec 

activation voltages are applied to the terminals Dxl 
to DxM. This operation is repeated from the switch 
swl . 

[0135] 

25 As a result of activation for a predetermined 

period, the emission current characteristics of the 
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respective SCE type electron-emitting devices become 
uniform, which obtains high-quality images at the 
image display apparatus (display devices) 
manufactured utilizing the electron-beam source 
5 having the SCE type electron-emitting devices. 
[0136] 

According to the third embodiment, electricity 
supply from the both sides of the substrate mitigates 
voltage degradation caused by wiring resistance. 

10 This attains further uniform activation processing. 
In addition, though the first embodiment performs 
scanning of M lines for 2 x M msec, the present 
embodiment needs only M msec. Accordingly, the 
activation processing time becomes about 1/2 of that 

15 of the first embodiment. 
[0137] 

As described above, the application of voltage 
while changing the lines by a predetermined period 
can reduce the period for activating the overall 
20 electron-beam source substrate. 
[0138] 

Note that the third embodiment is also 
applicable to the electron-source substrate 6 where a 
plurality of SCE type electron-emitting devices are 
25 connected with a ladder wiring. 
[0139] 
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< Fourth Embodiment > 

Fig. 19 is a block diagram showing the 
construction of the electric circuit for performing 
the activation according to the fourth embodiment. 
5 In Fig. 19, numeral 19 denotes SCE type electron- 
emitting devices which have been already forming- 
processed. 

[0140] 

The plurality of SCE type electron-emitting 
10 devices 19 are wired in a M x N simple matrix, 
constituting an electron- source substrate 10. 
[0141] 

Numeral 11 denotes a controller which controls 
the activation processing of the fourth embodiment. 

15 The controller 11 comprises a CPU 12, a ROM 13 and a 
RAM 14. The CPU 12 realizes the activation 
processing by executing a control program stored in 
the ROM 13. The RAM 14 provides a work area to the 
CPU 12 for executing various processings. 

20 [0142] 

Numerals 17 and 18 denote switching circuits 
which change connection respectively in column- and 
row-direction wires. The switching circuit 17 has (D 
a switch device for switching application of 

25 activation pulse from a pulse-generating power source 
1112b to terminals DY1 to DYN connected in the 
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column-direction wiring or to the ground, and (2)a 
switch device for selecting one or more of the 
terminals DY1 to DYN for performing activation 
processing. The switching circuit 18 operates 
5 similarly to the switching circuit 17 regarding 
connection in the row-direction wires. 
[0143] 

The pulse-generating power sources 1112a and 
1112b correspond to the activation power source 1112 

10 described in Fig. 11(d). In the activation 

processing, switching of pulse to be applied to the 
respective terminals, pulse wave height, pulse width, 
pulse period, pulse-generating timing etc. are 
controlled by the controller 11. Note that the 

15 pulse-generating power sources 1112a and 1112b and 
the switching circuits 17 and 18 may select a 
plurality of terminals at once. 
[0144] 

Numeral 1114 denotes an anode electrode which 
» 20 captures electrons emitted from the respective 

devices in activation processing; 1116, a 
galvanometer for measuring the emission current Ie 
captured by the anode electrode 1114 and outputs the 
measurement result to the controller 11; 1115, a 
25 direct -current (DC) high- voltage power source which 
applies positive high voltage to the anode electrode 
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1114, These components 1114 to 1116 forming a 
construction for detecting the emission current Ie 
correspond to those in Fig. 11(d). 
[0145] 

5 Fig. 20 shows a 12 x 6 matrix extracted from 

the matrix of the electron-source substrate 10. For 
the convenience of illustration, the positions of 
respective SCE type electron-emitting devices are 
represented by (X,Y) coordinates such as D(l,l), 

10 D(2,l) or D(12,6). In display panels of private-use 
TV sets, a horizontal display resolution is higher 
than a vertical display resolution, and in case of an 
image display apparatus using the SCE type electron- 
emitting devices of the present invention, the 

15 respective electron-emitting devices correspond to 

respective luminance points on a display screen. For 
these reasons, the 12 x 6 matrix is used as a model 
similar to an actually-used electron-beam source. 
Normally, the private-use TV set has a display screen 

20 which is long sideways, moreover, the fluorescent 

surface has a stripe or mosaic color arrangement . In 
this case, the "N" columns is twice of the "M n lines 
in Fig. 19. 

[0146] 

25 In this embodiment, activation is performed 

along the line direction as a first activation 
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process. First, to activate the SCE type electron- 
emitting devices D(l,l) to D( 12,1), connected to 
a terminal DX1 in Fig. 20, the switching circuits 17 
and 18 select the terminal DX1, and the pulse- 
5 generating power source 1112a applies an activation 
pulse. That is, the terminal DX1 is connected to the 
pulse-generating power source 1112a and the other 
terminals are connected to the ground. This can 
apply voltage only to desired SCE type electron- 
ic emitting devices in a simple matrix wiring. The 

activation pulse has a rectangular waveform as shown 
in Fig. 13(a), wherein Tl (pulse width) is 1 msec, T2 
(pulse interval) is 10 msec, and a rectangular-wave 
voltage Vac is 14 V. The activation is performed in 
15 about 1 x 10" 5 Torr vacuum atmosphere. During the 

activation, the emission current Ie is monitored, and 
the processing is continued until the emission 
current Ie has been completely saturated (90 min in 
this embodiment ) . 
20 [0147] 

Next, to activate the respective SCE type 
electron-emitting devices D(l,2) to D(12, 2), 
connected to a terminal DX2, the switching circuit 18 
selects the terminal DX2 . That is, the terminal DX2 
25 is connected to the pulse -generating power source 
1112a, and the other terminals are connected to the 
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ground, thus an activation pulses are applied to the 
terminal DX2. 

[0148] 

In Fig. 20, this operation is repeated toward 
5 the bottom line terminal DX6, activating by one line 
(first activation process). Note that during the 
activation processing on each line, the emission 
current Ie is monitored, and the activation 
processing is completed when the saturation of the 
10 emission current Ie is detected. The detection of 
saturation of the emission current Ie is made by 
detecting that change amount of the Ie has become a 
predetermined amount or less. 
[0149] 

15 When the first activation process as described 

above has been completed, the difference of the 
distance among the electricity- supply terminals DX1 
to DXM has caused non-uniformity of application 
voltages to the respective devices within the line 

20 (horizontal line in Fig. 20), as shown in Fig. 33. 
Fig. 21 shows the non-uniformity of the emission 
current amount within a line at the completion of the 
first activation process. The non- uniformity of the 
emission current as shown in Fig. 33 has caused the 

25 difference Alex in the emission characteristics as 
shown in Fig. 21 . 
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[0150] 

Next, as a second activation process, the 
activation processing is continued along the wiring 
orthogonal to the direction of the first activation. 
5 That is, as the first activation process is made 
along the line direction, the second activation 
process is made along the column direction (the 
vertical direction in Fig. 20). 

First, to activate the respective SCE type 

10 electron-emitting devices D(12,l), D(12,2), 

D(12,6) connected to the terminal DY12 in Fig. 20, 
the switching circuit 17 and 18 select the terminal 
DY12. As a result, the terminal DY12 is connected to 
the pulse-generating power source 1112b, and the 

15 other terminals are connected to the ground. Then, 
activation pulses are applied to the terminal DY12. 
In this case, the activation pulses are applied under 
the same activation conditions as those of the first 
activation. 

20 [0151] 

In this manner, the second activation process 
is performed to the left most terminal DY1 in Fig. 20. 
In the second activation process, the already- 
activated SCE type electron-emitting devices are 

25 driven, the activation period is short (15 min in 

this embodiment) as a period required for correcting 
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the difference of emission current due non- uniformity 
of applied voltage. 
[0152] 

Fig. 22 shows the dispersion of emission 
5 current of the devices in the column direction after 
the second activation process. At the SCE type 
electron-emitting devices in the vertical direction, 
i.e., the devices connected to the terminal DYN, in 
comparison with the first activation process, the 
10 number of SCE type electron-emitting devices driven 
on one line decreases from 12 to 6, the degradation 
of voltage due to wiring can be mitigated. As shown 
in Fig. 22, the dispersion of electron emission 
amount is reduced to the half or less than the 
15 dispersion amount at the first activation process. 
[0153] 

Note that if the above -described second 
activation process is performed first, the dispersion 
of electron emission amount can also be reduced, 

20 however, activation from the initial stage takes a 
long time. For this reason, the first activation is 
first performed along a direction where lines are 
fewer. As a result, the activation period can be 
reduced. For example, in the present embodiment, the 

25 first activation requires about 90 min, while the 
second activation requires only about 15 min. 
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Accordingly, the processing time can be reduced by 
performing the first activation process along a 
direction where the lines are fewer and then 
performing the second activation process along the 
5 direction orthogonal to the first activation 
direction. 

[0154] 

The activation processing upon the entire 
matrix as shown in Fig. 19 can form an electron-beam 
10 source having a uniform current emission. 
[0155] 

Note that the above activation conditions are 
preferable to the SCE type electron- emitting devices 
of the present embodiment. If the design of the SCE 
15 type electron -emitting devices is changed, the 

activation conditions should be changed in accordance 
with the change of design. 
[0156] 

Note that the activation method is not limited 
20 to the above first and second activation processes, 
but other methods, e.g., simultaneous activation of 
plural lines, or the simultaneous activation of 
plural lines by scanning at intervals of application 
of drive pulse may be adopted. Further, even if the 
25 row direction and the column direction are opposite 
to each other, the second activation may be performed 
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along the direction where the devices on one line are 
fewer. 

[0157] 

Fig. 23 is a flowchart showing activation 
5 process procedure according to the present embodiment. 
In Fig. 23, the first activation process is shown at 
steps Sll to S13, S16 and S17, and the second 
activation process is shown at steps S14 to S15, S18 
and S19. 

10 [0158] 

To determine the first activation process in 
row units or column units, the number M of rows is 
compared with the number N of columns (within M x N 
matrix) at step Sll. As described above, to reduce 

15 process time, the first activation process is 

performed along the direction where the number of 
rows/columns is smaller. That is, if the M is less 
than the N, the process proceeds to step S12, at 
which row-base activation process is performed (S14). 

20 Then at step S13, whether or not the emission current 
Ie has been saturated is determined, and if NO, the 
activation process is continued till the emission 
current saturation is detected. This process is 
performed on all the rows. At step S14, if it is 

25 determined that all the rows have been processed, the 
process proceeds to step S15, to advance to the 
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second activation process. 
[0159] 

At step S15, column-base activation process is 
performed till saturation of the emission current Ie 
5 is detected (S16). As the activation at steps S15 
and S16 has been performed with respect to all the 
columns, this activation process ends (S17). 
[0160] 

On the other hand, if it is determined at step 
10 Sll that the number N of the columns is smaller than 
the number M of the rows, the process proceeds to 
step S21. In the processing shown at steps S21 to 
S26, to perform a process similar to the above 
process shown at steps S12 to S17, except that the 
15 first activation process is performed in column units 
and the second activation process is performed in row 
units . 

[0161] 

Note that in this embodiment, a control program 
20 for realizing the control as shown in the flowchart 
of Fig. 23 is stored in the ROM 13 and is executed by 
the CPU 12. However, the control is not limited to 
this arrangement. For example, the construction for 
realizing the above control can be formed with 
25 hardware such as a logic circuit. 
[0162] 
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As described above, activation process in row 
units and activation process in column units can 
obtain uniform electron emission characteristics of a 
matrix-wired SCE type electron-emitting devices. 
5 [0163] 

As the first activation process is performed 
along a direction where the number of rows/columns is 
smaller, the total processing time through the first 
and second activation processes can be reduced. 
10 [0164] 

<Fifth Embodiment > 

Next, the fifth embodiment of the present 
invention will be described with reference to Figs. 
24 and 25. Fig. 24 is a block diagram showing the 
15 construction of an electric circuit for performing 
activation processing according to the fifth 
embodiment. Difference from the fourth embodiment 
(Fig. 19) is that the circuit has terminals for 
applying activation pulses (electricity- supply 
20 terminals), DX1 and DX1' to DXM and DXM* , at the both 
sides of the row-direction wires. Note that in Fig. 
24, the components corresponding to those in Fig. 19 
have the same reference numerals and the explanations 
of the components will be omitted. 
25 [0165] 

Similar to the fourth embodiment, the method of 
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activation according to the present embodiment is, on 
the assumption that the number of rows is smaller 
than that of columns, to perform the first activation 
process in row units, and perform the second 
5 activation process in a direction orthogonal to the 
rows processed in the first activation process, i.e., 
in column units. Note that in comparison with the 
first activation according to the fourth embodiment, 
voltage degradation in the first activation is 
10 mitigated, since electricity- supply terminals are 
provided at the both sides of row-direction wires. 
[0166] 

Fig. 25 shows the uniformity of emission 
current from the respective first-activation 

15 processed devices. After the above first activation 
process, the difference between the electron-emitting 
characteristics of the electron- source substrate in 
the row direction is AleX 1 which is even smaller than 
the dispersion amount AleX shown in Fig. 21. 

20 [0167] 

Note that the selection of the SCE type 
electron-emitting devices to be activated, activation 
conditions such as activation atmosphere and 
activation pulses are similar to those in the fourth 

25 embodiment. The first activation process is 

performed in order of DX1, DX2, DXM, and the 
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second activation process is performed in order of 

DYN/2, DY(N/2 + l), DY(N/2-l),' DY1 , DYN # i.e., 

in descending order from the column connected to the 
device having the greatest dispersion amount Alex' . 
5 Similar to the fourth embodiment, the activation is 
terminated when the emission current Ie is saturated. 
As the first activation process has been completed, 
the second activation is attained in a period as 
short as a period for correcting the dispersion of 
10 application voltage to the respective devices. 
[0168] 

By performing the above processing with respect 
to the entire matrix, an electron-beam source having 
uniform electron-emitting characteristics can be 
15 formed. 

[0169] 

Note that the above activation conditions are 
for the SCE type electron-emitting devices according 
to the present embodiment. However, if the design of 
20 the SCE type electron-emitting devices is changed, it 
is preferable to change the conditions in accordance 
with the change of design. 
[0170] 

Further, the activation processing of the 
25 present embodiment is not limited as above so far as 
it is line base processing. The activation 
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processing may be performed by plural lines 
simultaneously or by scanning at intervals of 
application of pulses. Further, the second 
activation process of the fifth embodiment is 
5 performed from around the center of the line towards 
the both ends, while the second activation process of 
the fourth embodiment is performed from one end to 
the other end of the row/column (right to left as in 
Fig. 2), however, the order of activation is not 
10 limited to these orders. 
[0171] 

Furthermore, activation processing performed by 
a method as an appropriate combination of the methods 
of the fourth and fifth embodiments with methods of 
15 the first to third embodiments is especially 

preferable. The following embodiments are examples 
of such combinations. 

[0172] 
<Sixth Embodiment > 
20 This embodiment employs the combination of the 

activation method of the first embodiment with the 
activation method of the fourth embodiment. 
[0173] 

In this embodiment, the operation timings of 
25 the pulse-generating power sources (1112a and 1112b) 
and the switching circuits (17 and 18) in Fig. 19 are 
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different from those of the fourth embodiment, 
[0174] 

According to the present embodiment, in the 
first and second activation processes of the fourth 
5 embodiment, the pulse-generating power sources (1112a 
and 1112b) and the switching circuits (17 and 18) 
operate in accordance with the operation timings of 
the first embodiment as shown in the timing chart of 
Fig. 3. 

10 [0175] 

In this embodiment, the above-mentioned (D in 
Fig. 3 corresponds to the output waveform of the 
pulse -generating power source 1112a (or 1112b) in Fig, 
19; ® in Fig. 3, the operation timings of the 

15 switches swl to swM (or Swl to swN), incorporated in 
the switching circuit 18 (or 17), and connected to 
the terminals DX1 to DXM (or DY1 to DYN) of the 
respective lines; and (3) in Fig. 3, the output 
waveforms of the switching circuit 18 (or 17) to the 

20 terminals DX1 to DXM (or DY1 to DYN) of the 
respective lines . 
[0176] 

In the present embodiment, activation 
processing similar to that of the fourth embodiment 
25 is performed except that the pulse-generating power 
sources (1112a and 1112b) and the switching circuits 
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(17 and 18) in Fig. 19 operate in accordance with the 
above timings. 

[0177] 

As described above, the present embodiment 
5 performs activation in row units and activation in 
column units, thus attains uniform electron-emitting 
characteristics of the matrix-wired SCE type 
electron-emitting devices. 
[0178] 

10 The first activation process, which takes 

comparatively a long time, is performed in row/column 
units in accordance with the number of rows/columns, 
i.e., any of rows and columns of a smaller number. 
This reduces the total processing time of the first 

15 and second activation process. 
[0179] 

Further, the present embodiment further reduces 
activation time and uniforms electron-emitting 
characteristics of the respective devices by line- 
20 scanning the activation voltage to the SCE type 
electron-emitting devices. 

[0180] 
< Seventh Embodiment > 

This embodiment employs the combination of the 
25 activation method of the second embodiment with the 
activation method of the fourth embodiment. 
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[0181] 

In this embodiment, the operation timings of 
the pulse-generating power sources (1112a and 1112b) 
and the switching circuits (17 and 18) in Fig. 19 are 
different from those of the fourth embodiment . 
[0182] 

According to the present embodiment, in the 
first and second activation processes of the fourth 
embodiment, the pulse- generating power sources (1112a 
and 1112b) and the switching circuits (17 and 18) 
operate in accordance with the operation timings of 
the second embodiment as shown in the timing chart of 
Fig. 5. 

[0183] 

In this embodiment, the above-mentioned (D in 
Fig. 5, corresponds to the output waveform of the 
pulse-generating power source 1112a (or 1112b) in Fig. 
1; ©in Fig. 5, the operation timings of the 
switches Swl to SwM (or Swl to SwN) , incorporated in 
the switching circuit 18 (or 17), and connected to 
the terminals DX1 to DXM (or DY1 to DYN) of the 
respective lines; and (D in Fig. 5, the output 
waveforms of the switching circuit 18 (or 17) to the 
terminals DX1 to DXM (or DY1 to DYN) of the 
respective lines. 
[0184] 
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In the present embodiment, activation 
processing similar to that of the fourth embodiment 
is performed except that the pulse-generating power 
sources (1112a and 1112b) and the switching circuits 
5 (17 and 18) in Fig. 19 operate in accordance with the 
above timings. 

[0185] 

As described above, the present embodiment 
performs activation in row units and activation in 
10 column units, thus attains uniform electron-emitting 
characteristics of the matrix-wired SCE type 
electron-emitting devices. 
[0816] 

Further, the first activation process, which 
15 takes comparatively a long time, is performed in 
row/column units in accordance with the number of 
rows/columns, i.e., any of rows and columns of a 
smaller number. This reduces the total processing 
time of the first and second activation process. 
20 [0187] 

Further, the present embodiment further reduces 
activation time and uniforms electron-emitting 
characteristics of the respective devices by scanning 
activation voltage to the SCE type electron -emitting 
25 devices and increasing the number of lines to be 
activated simultaneously. 
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[0188] 
<Eighth Embodiment > 

This embodiment employs the combination of the 
activation method of the first embodiment with the 
5 activation method of the fifth embodiment. 
[0189] 

In this embodiment, the operation timings of 
the pulse- generating power sources (1112a and 1112b) 
and the switching circuits (17 and 18) in Fig. 19 are 
10 different from those of the fifth embodiment. 
[0190] 

According to the present embodiment, in the 
first and second activation processes of the fifth 
embodiment, the pulse-generating power sources (1112a, 
15 1112b) and the switching circuits (17 and 18) operate 
in accordance with the operation timings of the first 
embodiment as shown in the timing chart of Fig. 5. 
[0191] 

In this embodiment, the above-mentioned CD in 
20 Fig. 3 corresponds to the output waveform of the 

pulse- generating power source 1112a (or 1112b) in Fig. 
1; (2) in Fig. 3, to the operation timings of the 
switches Swl to SwM (or Swl to SwN), incorporated in 
the switching circuit 18 (or 17) in Fig. 19, and 
25 connected to the terminals DX1 to DXM and DX1 1 to 

DXM' (or DY1 to DYN) of the respective lines; and (3) 
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in Fig. 3, to the output waveforms of the switching 
circuit 18 (or 17) to the terminals DX1 to DXM (or 
DY1 to DYN) of the respective lines. 
[0192] 

5 In the present embodiment, activation 

processing similar to that of the fifth embodiment is 
performed except that the pulse-generating power 
sources (1112a and 1112b) and the switching circuits 
(17 and 18) in Fig. 19 operate in accordance with the 
10 above timings. 

[0193] 

As described above, the present embodiment 
performs activation in row units and activation in 
column units, thus attains uniform electron-emitting 
15 characteristics of the matrix-wired SCE type 
electron-emitting devices. 
[0194] 

The first activation process, which takes 
comparatively a long time, is performed in row/column 
20 units in accordance with the number of rows/columns, 
i.e., any of rows and columns of a smaller number. 
This reduces the total processing time of the first 
and second activation process. 
[0195] 

25 Further, the present embodiment further reduces 

activation time and uniforms electron-emitting 
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characteristics of the respective devices by scanning 
activation voltage to the SCE type electron-emitting 
devices . 

[0196] 

5 <Modif ication to Image Display Apparatus > 

Fig. 19 shows an example of a multifunction 
image apparatus where a display panel, using an 
electron-beam source with a plurality of activation- 
processed SCE type electron-emitting devices, 
10 displays image information provided from various 
image information sources such as television 
broadcasting. 

[0197] 

In Fig. 19, numeral 2100 denotes a display 
15 panel; 2101, a driver of the display panel 2100; 2102, 
a display controller; 2103, a multiplexor; 2104, a 
decoder; 2105, an input-output interface (I/F) 
circuit; 2106, a CPU; 2107, an image generator; 2108 
to 2110, image memory interface (I/F) circuit; 2111, 
20 an image input interface (I/F) circuit; 2112 and 2113, 
TV signal receivers; and 2114, an input unit. 
[0198] 

Note that in a case where the display apparatus 
has received a signal including both video 
25 information and audio information, such as a 

television signal, it reproduces video images and 
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sound simultaneously. In this case, explanation of a 
speaker and circuits for reception, separation, 
reproduction, processing and storing regarding the 
audio information will be omitted since those 
5 components are not directly related with the feature 
of the present invention. 
[0199] 

Next, the functions of the respective 
components will be described below in accordance with 
10 the flow of image signal. 
[0200] 

The TV signal receiver 2113 receives TV image 
signals transmitted via a wireless transmission 
system such as electric wave transmission or space 

15 optical transmission. There is no limitation to 
standards of the TV signal to be received. The TV 
signals are transmitted in accordance with, e.g., 
NTSC standards, PAL standards, or SECAM standards. 
Further, a TV signal having scanning lines more than 

20 those in the above television standards (e.g., so- 
called high-quality TV such as MUSE standards) is a 
preferable signal source for utilizing the 
advantageous feature of the display panel applicable 
to a large display screen and numerous pixels. The 

25 TV signal received by the TV signal receiver 2113 is 
outputted to the decoder 2104. 
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[0201] 

The TV signal receiver 2112 receives the TV 
signal transmitted via a cable transmission system 
such as a coaxial cable system or a optical fiber 
5 system. Similar to the TV signal receiver 2113, 

there is no limitation to standards of the TV signal 
to be received. Also, the TV signal received by the 
TV signal receiver 2112 is output ted to the decoder 
2104. 
10 [0202] 

Further, the image input I/F circuit 2111 
receives image signals supplied from image input 
devices such as a TV camera or an image reading 
scanner. Also, the read image signal is outputted to 
15 the decoder 2104. 

[0203] 

The image memory I/F circuit 2110 inputs image 
signals stored in a video tape recorder (hereinafter 
abbreviated to "VTR" ) . Also, the input image signals 
20 are outputted to the decoder 2104. 
[0204] 

The image memory I/F circuit 2109 inputs image 
signals stored in a video disk. Also, the input 
image signals are outputted to the decoder 2104. 
25 [0205] 

The image memory I/F circuit 2108 inputs image 
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signals from a device holding still-picture image 
data such as so-called still-picture disk. Also, the 
input still-picture image data are outputted to the 
decoder 2104. 
5 [0206] 

The input-output I/F circuit 2105 connects the 
display apparatus to an external computer, a computer 
network or an output device such as a printer. The 
input-output I/F circuit 2105 operates for 
10 input /output of image data, character information and 
figure information, and for input /output of control 
signals and numerical data between the CPU 2106 and 
an external device. 
[0207] 

15 The image generator 2107 generates display 

image data based on image data, character information 
and figure information inputted from an external 
device via the input-output I/F circuit 2105 or image 
data, character information or figure information 

20 outputted from the CPU 2106. The image generator 

2107 has circuits necessary for image generation such 
as a rewritable memory for storing image data, 
character information and figure information, a ROM 
in which image patterns corresponding to character 

25 codes are stored and a processor for image processing. 
[0208] 
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The display image data generated by the image 
generator 2107 is outputted to the decoder 2104, 
however, it may be outputted to the external computer 
network or the printer via the input -output I/F 
5 circuit 2105. 

[0209] 

The CPU 2106 mainly controls the operation of 
the display apparatus and operations concerning 
generation, selection and editing of display images. 

10 [0210] 

For example, the CPU 2106 outputs control 
signals to the multiplexor 2103 to appropriately 
select or combining image signals for display on the 
display panel. At this time, it generates control 

15 signals to the display panel controller 2102 to 

appropriately control a display frequency, a scanning 
method (e.g., interlaced scanning or non-interlaced 
scanning) and the number of scanning lines in one 
screen. 

20 [0211] 

Further, the CPU 2106 directly outputs image 
data, character information and figure information to 
the image generator 2107, or it accesses the external 
computer or memory via the input -output I/F circuit 

25 2105, to input image data, character information and 
figure information. 
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Note that the CPU 2106 may operate for other 
purposes ; e.g., like a personal computer or a word 
processor, it may directly generate and process 
information. 
5 [0212] 

Otherwise, the CPU 2106 may be connected to the 
external computer network via the input-output I/F 
circuit 2105, to cooperate with an external device in, 
e.g., numerical calculation. 
10 [0213] 

The input unit 2114 is used for a user to input 
instructions, programs and data into the CPU 2106. 
The input unit 2114 can comprise various input 
devices such/ as a joy stick, a bar-code reader or a 
15 speech recognition device as well as a keyboard and a 
mouse . 

[0214] 

The decoder 2104 converts various image signals, 
inputted from the image generator 2107, the TV signal 

20 receiver 2113 and the like, into three -primary- color 
signals, or luminance signals and I and Q signals. 
As indicated with a dotted line in Fig. 26, the 
decoder 2104 preferably comprises an image memory, 
since decoding of TV signals based on standards of 

25 numerous scanning lines, such as MUSE standards, 

requires an image memory. Further, the image memory 
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enables the decoder 2104 to easily perform image 
processing such as thinning, interpolation, 
enlargement, reduction and synthesizing, and editing, 
in cooperation with the image generator 2107 and the 
5 CPU 2106. 

[0215] 

The multiplexor 2103 appropriately selects a 
display image based on a control signal inputted from 
the CPU 2106. That is, the multiplexor 2103 selects 

10 a desired image signal from decoded image signals 
inputted from the decoder 2104, and outputs the 
selected image signal to the driver 2101. In this 
case, the multiplexor 2103 can realize so-called 
multiwindow television, where the screen is divided 

15 into plural areas and plural images are displayed at 
the respective image areas, by selectively switching 
image signals within display period for one image 
frame. 

[0216] 

20 The display panel controller 2102 controls the 

driver 2101 based on control signals inputted from 
the CPU 2106. 

[0217] 

Concerning the basic operations of the display 
25 panel, the display panel controller 2102 outputs a 

signal to control the operation sequence of the power 
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source (not shown) for driving the display panel to 
the driver 2101. 
[0218] 

Further, concerning the driving of the display 
5 panel, the display panel controller 2102 outputs 

signals to control a display frequency and a scanning 
method (e.g., interlaced scanning or non-interlaced 
scanning) to the driver 2101. 
[0219] 

10 In some cases, the display panel controller 

2101 outputs control signals concerning image-quality 
adjustment such as luminance, contrast, tonality and 
sharpness to the driver 2101. 
[0220] 

15 Further, the driver 2101 generates drive 

signals applied to the display panel 2100. The 
driver 2101 operates based on image signals inputted 
from the multiplexor 2103 and control signals 
inputted from the display panel controller 2102. 

20 [0221] 

The functions of the respective components are 
as described above. The construction shown in Fig. 
19 can display image information inputted from 
various image information sources on the display 

25 panel 2100. 

[0222] 
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That is, various image signals such as TV 
signals are decoded by the decoder 2104, and 
appropriately selected by the multiplexor 2103, then 
inputted into the driver 2101. On the other hand, 
5 the display panel controller 2102 generates control 
signals to control the operation of the driver 2101 
in accordance with the display image signals. The 
driver 2101 applies drive signals to the display 
panel 2100 based on the image signals and the control 
io signals. 

[0223] 

Thus, images are displayed on the display panel 
2100. The series of these operations are made under 
control of the CPU 2106. 

15 [0224] 

As the present display apparatus uses the image 
memory included in the decoder 2104, the image 
generator 2107 and the CPU 2106, it can not only 
display images selected from plural image 

20 informations, but also perform image processing such 
as enlargement, reduction, rotation, movement, edge 
emphasis, thinning, interpolation, color conversion, 
resolution conversion, and image editing such as 
synthesizing, deletion, combining, replacement, 

25 insertion, on display image information. Although 
not especially described in the above embodiments, 
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similar to the image processing and image editing, 
circuits for processing and editing audio information 
may be provided. 
[0225] 

5 The present display apparatus can realize 

functions of various devices, e.g., a TV broadcasting 
display device, a teleconference terminal device, an 
image editing device for still-pictures and moving 
pictures, an office-work terminal device such as a 
10 computer terminal or a word processor, a game machine 
etc. Accordingly, the present display apparatus has 
a wide application range for industrial and private 
use . 

[0226] 

15 Note that Fig. 19 merely shows one example of 

the construction of the display apparatus using the 
display panel having an electron beam source 
comprising the SCE type electron-emitting devices of 
the present invention, but this does not pose any 

20 limitation on the present invention. For example, in 
Fig. 19, circuits unnecessary for some use may be 
omitted. Contrary, components may be added for some 
purpose. For example, if the present display 
apparatus is used as a visual telephone, preferably, 

25 a TV camera, a microphone, an illumination device, a 
transceiver including a modem may be added. 
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[0227] 

In the present display apparatus, as the 
display panel having the electron beam comprising the 
SCE type electron- emitting devices can be thin, the 
5 depth of the overall display apparatus can be reduced. 
In addition, as the display panel having the electron 
beam comprising the SCE type electron-emitting 
devices can be easily enlarged, further it has high 
luminance and wide view angle, the present display 
10 apparatus can display vivid images with realism and 
impressiveness . 

[0228] 

[Effect(s) of Invention] 
As described above, the present invention can 

15 increase the emission current Ie of the electron-beam 
source having a plurality of electron-emitting 
devices, and reduce processing time for increasing 
the Ie. Further, the present invention can uniform 
the electron- emitting characteristics of the 

20 electron-emitting devices. Furthermore, the present 
invention can improve luminance of an image forming 
apparatus using the electron-beam source and mitigate 
dispersion of spotted luminance, thus realize a high- 
quality image forming apparatus. 

25 [0229] 

[Brief Description of Drawings] 
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[Fig. 1] 

A block diagram showing the construction of the 
activating device of the multi SCE type electron- 
emitting device according to the first embodiment of 
5 the present invention. 
[Fig. 2] 

A detailed illustration of the line selector in 
the first embodiment. 
[Fig. 3] 

io A timing chart showing timings of line 

switching according to the first embodiment. 
[Fig. 4] 

A block diagram showing the construction of the 
activating device of the multi SCE type electron- 
15 emitting device according to the second embodiment of 
the present invention. 
[Fig. 5] 

A timing chart showing timings of line 
switching according to the second embodiment. 
20 [Fig. 6] 

A block diagram showing the construction of the 
activating device of the multi SCE type electron- 
emitting device according to the third embodiment of 
the present invention. 
25 [Fig. 7] 

A timing chart showing timings of line 
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switching according to the third embodiment. 
[Fig. 8] 

A perspective view of the display panel 
employed in the embodiments. 
5 [Fig. 9] 

Explanatory views showing arrangement of 
fluorescent materials and black conductive material 
1010 on the face plate of the display panel in Fig. 8. 
[Fig. 10] 

10 A plan view (a) showing the structure of the 

flat SCE type electron-emitting device and a cross - 
sectional view (b) showing the structure of the flat 
SCE type electron-emitting device. 
[Fig. 11] 

15 Schematic views explaining the manufacturing 

processes of the flat SCE type electron-emitting 
device in Fig. 10. 
[Fig. 12] 

A line graph showing an example of a voltage 
20 waveform applied from a forming power source 1110. 
[Fig. 13] 

Histograms showing activation processing upon 
the flat SCE type electron-emitting device. 
[Fig. 14] 

25 A cross -sectional view of the typical structure 

of the stepped SCE type electron-emitting device. 
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[Fig. 15] 

Explanatory views showing manufacturing 
processes of the stepped SCE type electron-emitting 
device in Fig. 14. 
5 [Fig. 16] 

A line graph showing a typical example of 
(emission current Ie) to (device application voltage 
Vf) characteristic and (device current If) to (device 
application voltage Vf) characteristic of the device 
10 used in a display apparatus. 
[Fig. 17] 

A plan view of a multi electron-beam source 
applied to the display panel in Fig. 8. 
[Fig. 18] 

15 A cross-sectional view cut out at A-A 1 lines of 

the multi electron-beam source in Fig. 17. 
[Fig. 19] 

A block diagram showing a schematic 
construction of the electric circuit for performing 
20 activation according to the fourth embodiment of the 
present invention . 
[Fig. 20] 

An extracted view of 12 x 6 matrix from the 
matrix of an electron-beam source 10. 
25 [Fig. 21] 

A graph showing distribution of electron 
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emission amount upon completion of first activating 
process according to the fourth embodiment. 
[Fig. 22] 

A graph showing dispersion of emission current 
5 amount at devices in a column-direction after 
execution of a second activating process. 
[Fig. 23] 

A flowchart showing the activating process 
procedure according to the fourth embodiment . 
10 [Fig. 24] 

A block diagram showing the schematic 
construction of the electric circuit for activating 
processing according to the fifth embodiment of the 
present invention. 
15 [Fig. 25] 

A graph showing emission current amount from 
each device in a column-direction, 
[Fig. 26] 

A block diagram showing an example of the 
20 multifunction display apparatus using the electron- 
beam source of the embodiments. 
[Fig. 27] 

A graph showing a pulse-voltage waveform upon 
activation at a conventional SCE type electron- 
25 emitting device. 

[Fig. 28] 
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A line graph showing change of device current 
If and emission current Ie upon activation at the 
conventional SCE type electron-emitting device. 
[Fig. 29] 

5 A plan view of an equivalence circuit upon 

activating the conventional simple -matrix wired SCE 
type electron-emitting device. 
[Fig. 30] 

A plan view of an equivalence circuit upon 
10 activating the conventional ladder-wired SCE type 
electron-emitting device. 
[Fig. 31] 

A plan view of the conventional electron device. 
[Fig. 32] 

15 A plan view of an equivalence circuit using 

only devices on a selected and driven line. 
[Fig. 33] 

A graph showing application voltage to each 
device in electrification processing. 
20 [Fig. 34] 

A plan view of the SCE type electron-emitting 
device by M.Hartwell and others. 

[Description of Reference Numerals] 
1 Activation voltage source 
25 2 Line selector 
3 controller 
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Electron- source substrate 
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[Type of Document] Abstract 
[Abstract] 

[Object] To increase emission current from an 
electron-beam source having a plurality of electron - 
emitting devices. 

[Means to Solve Object] Line selector selects one 
of the lines, and activation voltage pulse is applied 
to the selected line. The other lines are 
sequentially selected, and similar activation is 
repeated. 

[Selected Drawing] Fig. 1 
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